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REVIEW OF MATHEMATICS AND SCIENCE
EDUCATION PROGRAMS, 1983.

MONDAY, APRIL 18, 1983

U. S. SENATE,
COMMITTEE ON LABOR AND HUMAN RESOURCES,

Washington, D.C.
The committee met, pursuant to notice,, at 10:36 a.m. in room

SD-106, Dirksen Senate Office Building, Senator Orrin G. Hatch
(chairman of the committee) presiding.

Present: Senator Hatch.
OPENING STATEMENT OF SENATE HATCH

The CHAIRMAN. This mornings hearing is devoted to a considera-
tion of the role_ that the National Science Foundation _should play
in a national effort to improve mathematics and science education
in our primary and secondary schools. The NSF is the premier
champion within the Federal Government of mathematics and sci-
ence; and it is both important and proper that the NSF help our
Nati-m.1's teachers in their work, for these teachers face a very huge
task.

We live in an age of technology and science. Technology and sci-
ence have filled our world with wonders -_that would have been as-
tounding to people just a few generations ago. With these Wonders
has come a whole host of challengeS. Work has changed, lifestyles
have changed. We must concern ourselves as never before with pol-
lution and the environment, and questions regarding the quality of
life.

IncreaPingly, knowledge of technology and science is needed to
perform the jobs that our modern economy requires. Increasingly, a
wise consideration of public policy requires an understanding of sci-
ence. If America is to retain its economic preeminence in the
World, and if Americans are to understand this world, Americans
must have a basic understanding of mathematics and science.

Yet, while the importance of math and science has grown, math
and science education has been woefully neglected in our primary
and secondary schools:. Too few resources have been devoted to the
task. Too little support has been given to our teachers:

These problems are pervasive and we must all_ assume some re-
sponsibility for resolving them. Education in this country has tradi-
tionally been the responsibility of parents,_ communities, and the
StateS, and here is where the primary responsibility must remain,
in my opinion. Parents, communities and States must bear the
gr6ate§t burden in the necessary effort to improve math and sci-

w
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ence education. The education of individual children cannot be
puppeteered from Washington.

But, having said this:1 freely acknowledge that the Federal Gov,
ernment bears a responsibility to assist_ parents, communities, and
States. it is the responsibility of the Congress to adjust national
priorities to meet new circumstances: We are meet here this -morn-
ing to consider just such a revision of priorities. The prolkem of
math and science education has grown to a point where Federal as-
sistance is required. Federal resources be shifted to meet this
need. This means that we in the Congress must bear the heat from
other interests for projects that must be cut back to provide the
necessary resources, but that is our job and we will just have- to
meet this responsibility:

The Federal money we can devote to our end may be large in ab-
solute terms; but it cannot be large relative to the needs of 16,000
school districts and millions of school-age children. Thus; if Federal
money is to make a real contribution; it Must be carefully targeted.
I would like to see an emphasis on assisting the teachers who must
bear the burden of educating our young: Specifically, funds should
be devoted to courses and programs that will enable teachers to im-
prove their skills; and to the development of teaching materials
that will enhance classroom effectiveness.

The Labor and Human ResourceS Committee is working onlegis-
lation that will contain programs for both the Department of Edii=
cation and the National Science Foundation. The emphasis that I
have suggested should be met through the combined efforts of both
the department and the foundation. One of the essential consider-
ations this morning will be which functions would be best directed
by the foundation.

This qt stion and others will be addressed by Dr. Keyworth and
Dr. Knapp, who are representing the administration. They will be
followed by a panel of working teachers who will give us e-view
from the frontsomething

th
that is frequently needed in the Con-

gress. welcome their fresh assessment of the situation. Also; we
shall hear from a panel representing _professional scientists. The
committee will be interested to hear what they and their members
can do to assist teachers. I understand that several professional so-
cieties are already operating cooperative programs. This should be
an interesting hearing:

We Americans must do more than cope with the future. We must
adapt it to humane ends: For this we need the foresight to impart
to our children a fuller grasp of the collective knowledge of our so-
ciety, because there is no better preparation foi future than the
proper education of our youth.

At this time, we will introduce Dr. George Keyworth; who is the
Presidential Science Adviser. Dr. Edward A. Knapp, Director of the
National Science Foundation and Dr. Schmitt. This first panel has
come to represent_the administration's views on the role that the
National Science Foundation should play in a new Federal initia-
tive to improve mathematics and science education.

Dr. George Keyworth Is the Presidential Science Adviser and of
course, Dr. Knapp is Director of the_National Science Foundation.

I want to thank you.publicly, Dr. Keyworth, for helping us with
some very crucial billsscientific billsin the last Congress. I
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think you're doing a terrific job down at the White House. We're
very much interested in what all three of you have to say here
today.

STATEMENT OF DR. GEORGE A. KEYWORTH H, SCIENCE ADVISER
TO THE PRESIDENT; AND DIRECTOR, OFFICE OF_SCIENCE_AND
TECHNOLOGY POLICY, EXECUTIVE OFFICE OF THE PRESI=
DENT
Dr. KEYVVORTH. Thank you very much, Senator Hatch.
The Nation's need to improve the quality of education in the sci-

ences and mathematicsfrom kindergarten through the universi-
tiesis well establithed. Moreover, we anticipate growing quantita-
tive demands for scientifically and technically trained people
from technicians to Ph. D.'sas American industry confronts' the
growing challenge of industrial competition from foreign countries.

Bat what frustrates all of us- is that we've seen the quality- of
education programs and the achievement of our students decline
during a period of great national advances in science and technol;
ogy, and during a time of substantial public investment in educe-
Lion; Consequently; we now find ourselves in a quandary. What
must we dowhat can we doto prepare our children to live and
work in the demanding times we face?

We frequently hear the 1960's extolled as a golden age for sci-
ence and math education; many people would like to replicate what
we did then. Indied, the national sense of crisis following Sputnik,
combined with the mobilization of the science community to im-

- prove education, did have a remarkable effect. But as happens with
most things that are crisis - driven; we overreacted in the short term
and failed to develop the steady growth and improvement that
would have served the Nation better.

In fact, the enthusiasm for science soon faded as the United
States quickly responded to the supposed crisis and demonstrated
our technological superiority through the Apollo program. By the
time UrS. astronauts stepped onto the Moon in 1969; the Nation
had lost much of that impetus for rigorous education in science and
math.

In the early 1970's, education encountered further setbacks. This
was partly as a result of the dashed expectations of the many eager
new teachers and engineers-who, encouraged during that- crisis at-
mosphere; trhen found a discouraging lack of demand for their serv-
ices. Their disappointment was transmitted back to the student
population, and we embarked on a cycle of first too many, then too
few students in science and engineering.

The real question we face today is how the nation will develop or
regain a realistic commitment -to science and math training; as
well as to high standarcLs in education across the Foard. I would
argue that the central question is not so much how pay for edu-
cation, but how to motivate students to want and demand some-
thing better;

It is clear to me that the most lasting commitment, the one we
can build a solid future on; must emanate from the broadest possi-
ble base beginning with the family and then extending to the
schools; to the science and industrial communities; to local and
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State governments, and to the 'Federal Government. I have littl
confidence, especially in light of our experience during the 1970'4
that Federal activity alone can significantly improve t e Nation's
success in science and math education.

I think many people share that attitude today a _are beginning
to take -a greater personal interest in what_ t y can do to raise
standards and improve resources at the local and State levels. We
shouldn't underestimate the importance and long-term impacts of
recent university and high school decisions to raise educational
standardsa marked contrast to the past decade when they al-
lowed those same standards to 'slip. And we're seeing increasing
local and State government actions to address .shortages of math
and science teachers, as well as industrial efforts to aid instruc-
tional programs in their communities. Today, we're seeing a devel-
oping recognition that education is everyone's responsibility.

Senator_Hatch; because of these changing attitudes, I feel much
more confident in the climate of 1983 than I did in 1981 that the
Federal Government; in partnership with these other sectors, can
play an effective role in long-term science and math education im-
provement:

However, we must remember that we're talking about an im-
mense activity; this Nation spends more than ,$110 billion annually
on precollege education. Given the limited Federal resources avail-
able, it's obvious that our priority is to identify activities that can
best be carried out by the Federal Government and whose results
will be highly multiplied in practice. For that reason the precollege
programs proposed by the President all aim to improve the supply
and effectiveness of science and math teachers. After 'all, for every
teacher affected by these programs; as:many as 150 students can
benefit every year.

We have proposed_to allocate responsibilities for these new pro-
grams between the National Science Foundation and the Depart-
ment of Education: These two agencies, both with extensive experi-
ence in developing and implementing education programs; bring
two quite different; but complementary, skills to this mission. The
Department of Education will concentrate _on the actual training of
new science and math teachers. NSF will focus on research and de-
velopment of better materials and techniqueswhich incorporate
new technologies and new research about how people learn most
effectivelyin order to improve the ability of teachers .to teach.
NSF will also conduct a long-overdue program to honor and reward
current teachers who have done outstanding work. The Depart-
ment of Education's activities, to be carried out through block
grants to the States; will provide scholarships for people already
holding college degrees to enable them to take additional
coursework and qualify them to teach science or mathematics.

Senator Hatch, the administration believes it has proposed an af-
fordable series of programs to address its responsibilities in precol-
lege science and mathematics education: Dr. Knapp can describe
the NSF's proposed programs in greater detail, and we would both.
be pleased to respond to questions from the committee.

Senator HATCH. Thank you Dr. Keyworth.
Dr. Knapp, we'll turn to you We're also happy to have Dr,

Roland Schmitt, who's a member of the National Science Founda-
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tion Board, and who, as I recall, is a vice president of General Elbe=
-trio Corp.

Let's turn it over to you, Dr. Knapp.

STATEMENT OF_ DR: EDWARD A. KNAPP; DIRECTOR; NATIONAL
SCIENCE / FOUNDATION, ACCOMPANIED BY ROLAND W.
SCHMITT,/ SENIOR VICE PRESIDENT FOR CORPORATE RE:
SEARCH /AND DEVELOPMENT, GENERAL ELECTRIC CO;; AND
MEMBER OF THE NATIONAL SCIENCE BOARD
Dr. KNAPP. Thank you; Senator Hatch,
I'- leased to be here today for your hearings on the administra-

tign s fiscal 1984 budget request for the Foundation. Let me intro-
ce Roland W. Schmitt, senior vice president, for corporate re-

search and development, General Electric Co.; and member of the
National Science Board. We would both be pleased to answer any
questions you may have following my prepared remarks:

Today's hearings focus on science and engineering education and
training, a subject of great current interest and concern_in the
Nation, the. Congress, and the administration. We at the Founda=

.

tion share this concern, and are:moving in a concerted and deliber-
ate- way to develop a clear consensus on the nature of this problem
and the strategies needed for its alleviation.

The- educational !Nee for producing the Nation's future research
scientists, engineers; and technicians consists of a continuum ex-
tending from primary and secondary schools through undergrad-
uate colleges and universities to graduate and professional schools
and on to the post-doctoral appointment. As students move through
these institutions, they make choices which are influenced very
much by the quality of the faculty and teaching which they en-
counter and, at later stages, by the opportunities they have to gain
first hand knowledge of the research process. In a real sense, it can
be argued that' the entire budget of the0Foundation serves to pro-
mote and strengthen science and engineering education.

NSF's major scientific education responsibilities lie in graduate
education and training in research which it supports through fel:
lowships, stipends in research awards for gra-cluate research assis-
tants; and post-doctorate awards. The training of graduate students
through an apprenticeship system of working with university facul-
ty; who are themselves successful researchers, is an absolutely
critical part of this enterprise. NSF also has a role, but necessarily
a more selective one; in the area of precollege education:

Precollege education in the United States is a vast, decentralized
enterprise with some 16;500 local school districts. Since the begin-
ning,of the Republic, it has beenand remainsa major responsi-
bility of States and localities reflecting the deeply held belief that
education should be responsrie to the needs and views of the 1,-al
community:

There has also been considerable degree of, Federal interest in
precollege education since our first days a.; a republic; because of
the belief that a well±educated citizenry is the backbone of a de-
mocracy. To that concern we would add; today; the belief that a
competitiv-, string economy and secure society depend on the qual-
ity of scientists, engineers, and technically trained personnel, It is
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al§o true, however, that there has not ueen a consensus on the ap=
propriate Federal role in precollege education, including precollege
education in science and mathematics.

It was for this reason that the 'National Science- Board estab-
lithed a Commission on Precollege Education in Mathematica, Sci;
ence; and Technology in April 1982. The Commission has been car-
rying out its work by art cnilation of the causes of and problem§
with; the state of precollege training in science and ;mathematics
taday. I _anticipate that the Commission will complete its work
early this fall, somewhat ahead of-schedule. I anticipate that many
Of their recommendations will be considered in formulating the
NSF budget request for -1985.

NSF will always have a limited, but critically important, role in
precollege education within its 15asic charter and overall responsi-
bility for the health of science. In fulfilling these responsibilities, it
is incumbent upon the Foundation to select and design its activities
in such a way as to exert high leverage, demonstrate leadership in
the national interest through example setting and prototype test--
ing, involve research scientists and engineers in educational con-
cerns, be as flexible as possible and receptive to new ideas; and to
promote the involvement, of State and local government:9, and the
private sector, in its undertakings.

At you are aware; the 1983 HUD-independent agencies appropri-
ations conference report required the NSF to develop a program
plan for $15 million activity at the precollege-level, This proposed
plan has two major com_ponents: first, in materials development.
The NSF will support the development of exemplary materials and
models for the continuing improvement of teachers_ The \ principal
products of this component will be better, more effective ap-
proaches to teacher training and better tools for teachers and stu-
dents to use in their classrooms and taboratoties.

Second, a program in teacher incentives: The teacher-incentive
activities will focus on the unique problem-of motivating, recogniz-
ing, and bringing up to date science and mathematics teachers who
are among the best the profession ha.3 to offer. This includes two
programsthe Presidential Awards -for Science and Mathematics
Teaching Excellence; and Teachers Honors Workshops.

This program plan is aimed at raising the level of appreciation of
science and mathematics teachers and in improving the teaching of
mathematics-and science at the precollege level: It has been trans-
mitted to- our appropriation committees and is being discussed with
their staff We anticipate approval very shortly. The 1983 plan
will provide the basis for the Foundation's.nttigram in 1984.

Mr. Chairman, I believe that a well-educated citizenry is the
backbone of a democracy. We are a_technOlogical society and this
education must lead to a strong basic understanding of science ana
mathematics among our citizens_if they are to make informed deci-
sion§ about the choices which the Nation faces now and in the
future: The Foundation will have a key role in laying the ground-
Wark for this education, as well as providing the framework for the
training of our future scientists and engineers.

Thankyou, Mr. Chairman._
[The prepared statement of Dr. Knapp follows:]



STATEMENT OF

DR. EDWARD A. KNAPP

DIRECTOR, NATIONAL SCIENCE FOUNDATION

BEFORE THE'

0
COMMITTEE ON LABOR AND HUMAN,RESOURCES

U.S. SENATE

APRIL 18. 19133

MR. CHAIRMAN AND MEMBER'S OF THE COMMITTEE!

I AM PLEASED.TO RE HERE TODAY FOR YOUR HEARINGS ON THE

ADMINISTRATION'S FY 1984 BUDGET REQUEST FOR THE FOUNDATION. LET

_ ME INTRODUCE ROLAND W. SCHMITT. SENIOR VICE PRESIDENT_FOR

) CORPORATE RESEARCH AND:DEVELOPMENT, GENERAL ELECTRIC COMPANY, AND

MEMBER OF THE NATIONAL SCIENCE BOARD. WE WOULD ROTH RE PLEASED TO

ANSWER ANY QUESTIONS YOU`-MAY-HAVE FOLLOWING'MY PREPARED REMARKS.

TODAY'S HEARINGS FOCUS ON SCIENCE AND ENGINEERING EDUCATION

AND TRAINING. A SUBJECT OF GREAT CURRENT INTEREST AND CONCERN IN

THE NATION, THE CONGRESS/ AND THE ADMINISTRATION. WE AT THE

FOUNDATION SHARE THIS CONCERN, AND ARE MOVING IN A CONCERTED AND

DELIBERATE WAY TO DEVELOP A CLEAR CONSENSUS ON THE NATURE OF SKIS

PROBLEM AND THE STRATEGIES NEEDED FOR ITS ALLEVIATION.

THE EDUCATIONAL BASE FOR PRODUCING THE NATION'S FUTURE

RESEARCH SCIENTISTS, ENGINEERS, AND TECHNICIANS CONSISTS OF A

CONTINUUM EXTENDING'FROM PRIMARY AND SECONDARY SCHOOLS THROUGH

UNDERGRADUATE COLLEGES AND UNIVERSITIES TO GRADUATE AND

PROFESSIONAL SCHOOLS AND ON TO THE POSTDOCTORAL APPOINTMENT. As

STUDENTS MOVE THROUGH THESE INSTITUTIONS.' THEY MAKE CHOICES WHICH

"") ARE INFLUENCED VERY MUCH BY THE QUALITY OF THE FACULTY AND



TEACHING WHICH THEY ENCOUNTER AND, Al LATER STAGES; By THE

OPPORTUNITIES THEY HAVE TO GAIN FIRSTHAND KNOWLEDGE OF THE

RESEARCH PROCESS. IN A REAL SENSE; IT CAN RE ARGUED THAT THE

ENTIRE RUDGETOF THE FOUNDATION SERVES TO PROMOTE AND STRENGTHEN

SCIENCE AND ENGINEERING EDUCATION AND SCIENCE EDUCATION ACTIVITIES

CUT ACROSS MOST OF THE FOUNDATION'S,PROGRAMS

I WILL DESCRIBE IN SOME DETAIL How THE FoUND4TION'S FY 1984

BUDGET REQUEST ADDRESSES THIS. EDuCATioNAL RASE. NSF'S MAJDR

SCIENTIFIC EDUCATION REsPONSIRILITIEF LIE IN GRADUATE EDUCATION

AND TRAINING IN RESEARCH WHICH'IT SUPPORTS THROUGH FELLOWSHIPS,
STIPENDS IN RESEARCH AWARDS FOR GRADUATE RESEARCH ASSISTANTS, AND

POST-DOCTORATE AWARDS. THIS REFLECTS THE -BROAD CONSENSUS WHICH

HAS DEVELOPED IN THIS COUNTRY SINCE THE 1176CS ON THE ROLE WHICH -

THE FEDERAL GOVERNMENT PLAYS IN THE SUPPORT OF LONG -TERM,

FUNDAMENTAL RESEARCH AND IN MAINTAINING THE HEALTH OF THE BASIC

'RESEARCH ENTERPRISE. THE TRAINING OF GRADUATE STUDENTS THROUGH AN

AppRENTICESHMSYSTEM OF WORKING WITH UNIVERSITY FACULTy-, WHO ARE

THEMSELVES SUCCESSFUL RESEARCHERS, IS AN ABSOLUTELY CRITICAL FART

OF THIS ENTERPRISE. NSF ALSO HAS A ROLE, BUT NECESSARILY A MORE

SELECTIVE ONE, IN THE AREA OF PRECOLLEGE EDUCATION.

FIRE-C-OtLEOI-S-CIENUAill_UGINEERING EDUCATION

PRE-COLLEGE EDUCATION IN THE UNITED STATES IS A VAST,

DECENTRALIZED ENTERPRISE WITH SOME 16;500 LOCAL SCHoOL DISTRICTS.

SINCE THE BEGINNING OF OUR REPURLIC, IT HAS REEN-AND REMAINSA

RESPoNSIRILITY OF STATES AND LOCALITIES REFLECTING THE

DEEPLY HELD RELIEF THAT EDUCATION SHOULD BE RESPONSIVE TO THE

NEEDS AND VIEWS OF THE LOCAL COMMUNITY.
-1

THERE HAS ALSO BEEN A CONSIDERARLE DEGREE oFJEDERAL INTEREST

IN PRE-COLLEGE EDUCATION SINCE OUR FIRST DAYS AS 'A REPUBLIC

BECAUSE OF THE RELIEF THAT A WELL -EDUCATED . C TIZENRY IS THE

RACKRONE OF _A DEMOCRAE1 To THAT CONCERN WE WOULDADD,. TOW, THE

RELIEF THAT-A COMPETITIVE, EAONO_ECONoMV AND SECURE SOCIETY

:
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DEPEND ON THE QUALITY OF SCIENTISTS, ENGINEERS, AND TECHNICALLY

TRAINED FERS3KNEL IT IS ALSO TRUE; HOWEVER, THAT THERE HAS NOT

BEEN A CONSENSUS ON THE APPROPRIATE FEDERAL ROLE IN PRE-COLLEGE

EDUCATION; INCLUDING PRECOLLEGE EDUCATION IN SCIENCE AND

MATHEMATICS-

AS'THE MEMRERS OF THIS COMMITTEE ARE WELL AWARE; THE

FOUNDATION HAS OPERATED A RROAD RANGE OF SCIENCE EDUCATION'

PROGRAMS FOR MANY YEARS, IN THE EARLY YEARS, NSF CONCENTRATED ON

SCIENCE CURRICULUM DEVELOPMENT, ON TEACHER TRAINING. AND ON THE

DEVELOPMENT OF SCIENTIFIC MANPOWER. THERE WAS GENERAL AGREEMENT

AT THAT TIME THAT .TPIS WAS AN APPROPRIATE ROLE FOR THE FEDERAL

GOVERNMENT AND,HE FOUNDATION TO PLAY.-

THE POTENTIAL FOR OVERLAP BETWEEN THE THEN U.S. OFFICE OF

EDUCATION AND THE NSF AT THE PRECOLLEGE LEVEL WAS RESOLVEDRY

'SPLITTING THE FIELD : NSF WOULD FOCUS.DN SCIENCE AND MATHEMATICS

AND OPERATE MAINLY THROUGH THE SCIENTIFIC COMMUNITY AND THROUGH

UNIVERSITIES AND COLLEGES, THE PRIMARY GROUP WITH WHICH IT HAD

CONSTANT INTERACTION AND WHICH WAS THE SOURCE OF THE MOST CARENT

SCIENTIFIC KNOWLEDGE. THIS WAS., AFTER ALL, ITS COMPA ATIVE

ADVANTAGE, GIVEN ITS RESPONSIBILITIES FOR BASIC RESEARCH. THE

OFFICE OF EDUCATION, IN TURN, WOULD WORK MAINLY " THROUGH STATE AND

LOCAL EDUCATION SYSTEMS AND FOCUS ON THE BROAD APPLICATION OF

EDUCATION-

. _

THOUGH THE DOLLAR MAGNITUDE. OF THE OFFICE OF EDUCATION

PROGRAMS--NOT TO MENTION EXPENDITURES BY STATES AND LOCALITIES-

FAR OUTSTRIPPED THOSE AVAILARLE TO THE NSF, THERE WAS AGREEMENT

THAT NSF'S ACTIVITIES WERE OVERALL, WFLL-TARGETED, WELL-MANAGED

AND EFFECTIVE IN MEETING THEIR OBJECTIVES. FOR RELATIVELY SMALL

AMOUNTS OF MONEY, WE WERE ABLE TO HAVE A SUBSTANTIAL IMPACT ON

,_.......41-COLLEGE SCIENCE AND MATHEMATICS EDUCATION ACROSS THE NATION.
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IN THE 1970's, HOWEVER, THERE WAS A REORIENTATION OF SCIENCE

EDUCATION PROGRAMS. SCIENTIFIC PERSONNEL SHORTAGES WERE SEEN TO

RE LESS ACUTE AND EMPHASIS SHIFTED TO BROADER SETS' OF PROBLEMS.

BY 1979 WE WERE ADMINISTERING 28 DIFFERENT PROGRAMS IN SCIENCE

AND ENGINEERING EDUCATION WITH TOTAL OBLIGATIONS OF $80.0 MILLION.

MANY WERE TARGETED AT SPECIFIC, LIMITED PROBLEMS AND GROUPS. WHAT

SEEMED TO BE LACKING WAS A CLEAR,:NCEPTION OF THE NATURE AND

NEEDS OF SCIENCE EDUCATION 'H THE .1ENCE AND ENGINEERING

ENTERPRISE OF THE'COUNTRY

It IS ALSO CLEAR THAT THE CONSENSUS WHICH EXISTED IN THE

1950'5 AND 1960's ON THE NATURE OF THESE NEEDS AND ON THE

STRATEGIES TO BE PROVIDED HAD DISSOLVED BY THE END OF THE 1970's

MOST' PEOPLE AGREE THAT THERE ARE-PROBLEMS WITH THE STATE OF

PRECOLLEGE TRAINING IN SCIENCE AND MATHEMATICS TODAY.

IT WAS FOR THIS REASON THAT THE NATIONAL SCIENCE BOARD

ESTABLISHED A COMMISSION ON PRECOLLEGE EDUCATION IN MATHEMATICS,

SCIENCE AND TECHNOLOGY IN APRIL 1982 THE COMMISSION HAS BEEN

CARRYING OUT ITS.WORK BY ARTICULATING THE CAUSES OF, AND PROBLEMS

WITH THE STATE OF PRECOLLEGE TRAINING IN SCIENCE AND MATHEMATICS

TODAY THEY HAVE BEEN QUI1E SUCCESSFUL IN STIMULATING A BROAD

AWARENESS OF THE PROBLEMS AND THE ACTIONS NEEDED TO RECTIFY THEM.

A GREAT VARIETY OF ACTIVITIES-BY PROFESSIONAL SOCIETIES, BUSINESS

LEADERS, GOVERNORS, AND ESPECIALLY THE SCHOOL SYSTEMS THEMSELVES--

IS NOW BEING GENERATED. I ANTICIPATE THAT THE COMMISSION WILL

COMPLETE ITS WORK EARLY THIS FALL, SOMEWHAT AHEAD OF SCHEDULE.

THE CHAIRMAN OF THE NATIONAL SCIENCE BOARD, BR. LEWIS BRANSCOME'.

HAS ASSURED ME THAT THE BOARD WILL ACT QUICKLY AN THE COMMISSION'S

RECOMMENDATIONS. I ANTICIPATE THAT MANY OF THEIR RECOMMENDATIONS

WILL CONSIDERED IN FORMULATING THE NSF'RUDGET REQUEST FOR FY 1985

NSF WILL ALWAYS HAVE A LIMITED, RUT CRITICALLY IMPORTANT,

ROLE IN PRECOLLEGE EDUCATION WITHIN ITS BASIC CHARTER AND OVERALL

RESPONSIBILITY FOR THE HEALTH OF SCIENCE. IN FULFILLING THESE
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RESPONSISILITIES, IT IS INCUMBENT UPON THE FOUNDATION TO SELECT
AND.DESIGN ITS ACTIVITIES IN SUCH A WAY AS TO: EXERT HIGH

LEVERAGE; DEMONSTRATE LEADERSHIP IN THE NATIONAL INTEREST THROUGH

EXAMPLE SETTING AND PROTOTYPE TESTING; INVOLVE RESEARCH SCIENTISTS

AND ENGINEERS IN 'EDUCATIONAL CONCERNS; BE AS FLEXIBLE AS POSSIBLE

AND RECEPTIVE TO NEW IDEAS; AND TO PROMOTE THE INVOLVEMENT OF

STATE AND LOCAL.GOVERNMENTS, AND THE PRIVATE SECTOR, IN ITS

UNDERTAKINGS.

As YOU ARE AWARE, THE FY 1983 HUD-INDEPENDENT AGENCIES

APPROPRIATIONS CONFERENCE REPORT REQUIRED THE NSF TO DEVELOP A

-PROGRAM PLAN FOR A S15.0 MILLION ACTIVITY AT THE PRE-COLLEGE

LEVEL. THE PLAN HAS REEN UNDER DISCUSSION FOR SOME TIME WITH OUR

CONGRESSIONAL COMMITTEES. THIS PROPOSED PLAN HAS TWO.MAJOR

COMPONENTS:_

0 MATERIALS DEVELOPMENT:

THE NSF WILL SUPPORT THE DEVELOPMENT OF EXEMPLARY

MATERIALS AND MODELS FOR THE CONTINUING IMPROVEMENT OF

TEACHERS. THE ,PRINCIPAL PRODUCTS OF THIS COMPONENT WILL

BE BETTER, MORE EFFECTIVE APPROACHES TO TEACHER TRAINING

AND BETTER TOOLS FOR TEACHERS AND STUDENTS TO USE IN

THEIR CLASSROOMS AND LABORATORIES..

TEACHER INCENTIVES:

THE TEACHER INCENTIVE ACTIVITIES WILL FOCUS ON THE

UNIQUE .PROBLEM OF MOTIVATING, RECOGNIZING; AND BRINGING

UP TO DATE SCIENCE AND MATHEMATICS TEACHERS WHO ARE

AMONG THE REST THE PROFESSION HAS TO OFFER. THIS

INCLUDES TWO PROGRAMS -- PRESIDENTIAL AWARDS FOR SCIENCE

AND MATHEMATICS TEACHING EXCELLENCE, AND TEACHER HONORS

WORKSHOPS.
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THIS PROPOSED PROGRAM PLAN WOULD RE AlmED AT RA/SING THE

LEVEL OF APPRECIATION OF SCIENCE AND MATHEMATICS TEACHERS AND

IMPROVING THE TEACHING OF MATHEM-ATICS AND SCIENCE AT THE

PRF-COLLEGE LEVEL IT WOULD ENABLE THE FOUNDATION TO EXERCISE

RELATIVELY HIGH LEVERAGE WITH A LIMITED INVESTMENT, ALSO, NSF

COULD UTILIZE ITS UNIQUE RELATIONSHIP WITH THE ACADEMIC;

SCIENTIFIC; AND ENGINEERING COMMUNITY TO FOSTER CLOSER

COCCABORATIOW BETWEEN IT AND STATE, REGIONAL.ANDLOCAL SCHOOL

SYSTEMS IN ACCOMPLISHING THIS OBJECTIVE. IF APPROVED: THE FY r983

PLAN WILL BE EXPANDED IN FY 1984._

THE ADMINISTRATION AND NSF ARE ANXIOUS TO JOIN THE CONGRESS

IN IMPROVING THE STATE OF PRE-COLLEGE SCIENCE AND MATHEMATICS

EDUCATION, RUT IT IS ESSENTIAL THAT A CONS6SUS RE DEVEL,,PED ON

THE AppROA.211 TO BE TAKEN. IT IS ALSO ESSErTIAL THAT THE APPROACH

BE BUILT oN A STRONG RASE THAT IS DELIBERATELY FOCUSED AND LOOKS

BEYOND THE PRESENT TO FUTURE NEEDS AND REQUIREMENTS. THIS CANNOT

BE ACCOMPLISHED OVERNIGHT.,

UNDEBGRADUATEC-Ott-E-GES

THE SMALL, PRELUMINANTLY UNDERGRADUATE COLLEGE IS ANOTHER

CRITICAL PART 05.THE EDUCATIONAL RASE WHICH PROVIDES THE NATION'S

FUTURE ENGINEERS AND SCIENTISTS. A SIGNIFICANT PROPORTION OF

THOSE AWARDED THE PHD. IN SCIENCE; MATHEMATICS; AND_ ENGINEERING

RECEIVE THEIR BACCALAUREATE.AT THESE INSTITUTIONS. FOR THE PERIOD',

DETWEEN 1967 1976, FOR EXAMPLE; MORE THAN 9,500 PHD. RECIPIENTS

IN CHEMISTRY HAD THEIR BACCALAUREATES FROM 198- PREDOMINANTLY

UNDERGRADUATE COLLEGES. IN FY 1982-, 20 PERCENT OF THE NSF

GRADUATE FELLOWSHIPS WENT TO GRADUATES OF SUCH COLLEGES. SINCE

THESE COLLEGES SERVE AS IMPORTANT PIPELINES FOR ENTRY INTO THE

SYSTEM OF GRADUATE EDUCATION, AND FINALLY, INTO THE SCIENTIFIC AND

TECHNICAL ENTERPRISE OF THE COUNTRY, IT IS IMPORTANT THAT FACULTY

IN THESE INSTITUTIONS RECEIVE SUPPORT AND ENCOURAGEMENT FOR

MAINTAINING THEIR RESEARCH CAPABILITY.
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NJ*

THE FY 1984 BUDGET REQUEST BUILDS ON AND REFOCUSES EARLIER

NSF RESEARCH EFFORTS AT THE UNDERGRADUATE tEVEL BY PROPOSING A NEW

PROGRAM-, UNDERGRADUATE COLLEGE RESEARCH SUPPORT; TO RE SUPPORTED

AT THE LEVEL OF S3.0 MILLION IT WILL RE MANAGED AND BUDGETED FOR

IN ALL OF NSF'S MAJOR RESEARCH ACTIVITIES TO INSURE THAT THE WORK

IT suPpORTS IS ADEQUATELY COORDINATED w!TH OTHER NSF-SUPPORTED

RESEARCH AND FACILITIES AT THE NATIONS LEADING RESEARCH

INSTITUTIONS-

THIS NEW PROGRAM WILL EMPHASIZE INDEPENDENT RJSEAPcH BY

FACULTY AT PREDOMINANTLY JNDERGRADUATE'COLLEGES, USING THE

PHYSICAL RESOURCES OF MAJOR UNIVERSITY, INDUSTRIAL, OR GOVERNMENT

RESEARCH CENTERS, AND WILL ENCOURAGE THE INCLUSION OF ADVANCED

UNDERGRADUTE STUDENTS AS PART OE THE RESEARCH TEAM. FUNDS FOR

ESSENTIAL; PERMANENT EQUIPMENT WILL ALSO RE PROVIDED. THIS

PROGRAM WILL HELP IMPROVE THE QUALITY OF THE RESEARCH ENVIRONMENT

AT SMAI:L INSTITUTIONS WHICH SERVE AS MAJOR SOURCES OF FUTURE__

SCIENTISTS; ENGINEERS; AND TECHNICIANS.

BROADENING THE RESOURCE BASE

THE HisTOR;CALLY BLACK INSTITUTiONS HAVE PLAYED 'A KEY ROLE IN

THE EDUCATION OF MINORITIES IN THIS COUNTRY. THUS IT IS IMPORTANT

THAT THEY, AS WELL AS OTHER PREDOMINANTLY MINORITY INSTITUTIONS,

HAVE STRONG SCIENTIFIC AND ENGINEERING RESEARCH CAPABILITIES

THE. FY 1984 BUDGET REQUEST WILL CONTINUE SUPPORT OF THE .

RESEARCH IMPROVEMENT AN MINORITY INSTITUTIONS PROGRAM, STARLISHED

IN FY 1982-1N PARTIAL RESPONSE TO EXECUTIVE ORDER 12320 TO HELP

PREDOMINANTLY MINORITY COLLEGES AND UNIVERSITIES WITH GRADUATE

SCIENCE OR ENGINEERING PROGRAMS TO IMPROVE THEIR REsEARCH

CAPABILITIES. SOME THIRTY INSTITUTIONS ARE ELIGIBLE TO COMPETE IN

THIS PROGRAM. FOUR RECEIVED AWARDS IN FY 1982; AND AN ADDITIONAL

EIGHT AWARDS ARE ANTICIPATED IN FY 1983-

25-912 OK1--2
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THE MINORITY RESEARCH INITIATION PROVIDES SUPPORT FOR

FULL-TIME MINORITY FACULTY WHO HAVE RECEIVED NO PREVIOUS FEDERAL

RESEARCH SUPPORT TO -ESTABLISH RESEARCH PROGRAMS ON THEIR CAMPUSES.

IN FY 1983-, 20 AWARDS' TOTALLING $2.0 Mi,LION ARE PLANNED; THIS

LEVEL OF SUPPORT IS CONTINUED IN THE FY 1984 REQUEST.

IN ANOTHER COOPERATIVE EFFORT_WITHTHIS COMMITTEE TO

ENCOURAGE FULLER UTILIZATION OF THE NATION'S SCIENTIFIC AND

TECHNICAL ,RESOURCES, THE FOUNDATION ESTABLISHED THE VISITIAG

PROFESSORSHIPS FOR WOMEN PROGRAM IN FY 1982 WITH 17 AWARDEES.

THESE VISITING PROFESSORS/ IN ADDITION TO TEACHING AND RESEARCH/

ARE AVAILABLE TO OFFER ADVICE AND PROVIDE MENTORSHIP AT ALL LEVELS

FROM UNDERGRADUATE TO FACULTY. TWENTY-FIVE AWARDS ARE PLANNED IN

FY 1983 AT AN EXPENDITURE OF :1.5 MILLION. THIS LEVEL IS

CONTINUED IN THE FY 1984 REQUEST.

SHORTAGES OF YOUNG FACULTY IN OUR COLLEGES AND UNIVERSITIES;

PARTICULARLY--IM_ENGINEER!NG AND COMPUTER SCIENCES, ARE OF GREAT

CONCERN. WE HAVE INCLUDED IN OUR FY 1984 REQUEST APRESIDtITTIAL

YOUNG INVESTIGATOR AWARD PROGRAM TO RESPOND TO THIS GROWING NEED.

OUR PLAN IS TO MAKE ABOUT 200 AWARDS ANNUALLY. EACH WILL PROVIDE

UP, TO FIVE YEARS SUPPORT,RANGINGFROM $251.000 TO S62;500 PER YEAR

PER AWARD. THIS AMOUNT WILL BE SUPPLEMENTED BY INDUSTRIAL

SUPPORT.

GRADUATE- RESEARCH EDUCATION,

PARTICIPATION IN FACULTY' RESEARCH PROJECTS AS A RESEARCH.

ASSISTANT IS.THE TRADITIONAL MANNER THROUGH WHICH GRADUATE

STUDENTS GAIN PRACTICAL RESEARCH EXPERIENCE. THIS APPRENTICESHIP

SYSTEM OF GRADUATE EDUCATION It.,
'41. MAIN REASON NSF AWARDS GO

PRIMARILY TO RESEARCHERS ATUNIVERSITIES'AND COLLEGES. IN THE

FY 1984 BUDGET REQUEST, THERE WILL BE AN 8.4 PERCENT INCREASE IN

THE NUMBER OF GRADUATE STUDENTS RECEIVING SUCH SUPPORT UNDER NSF

GRANTS, BRINGING THE TOTAL TO AN ESTIMATED:10A MORE THAN
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$92 MILLION WILL BE USED FOR THIS PURPOSE, AN INCREASE OF

16.2 PERCENT OVER THE PREVIOUS YEAR

IN ADDITION TO RESEARCH AWARDS; THE FOUNDATION'S GRADUATE

FELLOWSHIP PROGRAM WILL SUPPORT APPROXIMATELY 1;390 GRADUATE

FELLOWS IN FY 1984 AT AN INCREASED STIPEND OF $8;100 PER YEAR PLUS

A COST-OF-EDUCATION ALLOWANCE OF $4;900. INCLUDED IN THIS TOTAL

ARE 45 NEW AND 135 CONTINUING MINORITY GRADUATE FELLOWSHIPS.

THESE FRESTIGfOUS AWARDS PROVIDE THREE YEARS OF SthPORT OVER A

FIVE YEAR PERIOD AND ALLOW THE STUDENT TO ATTEND THE GRADUATE

PROGRAM OF HIS OR HER CHOICE.

POST-DOCTORAL TRAININQ

IN THE TRANSITION FROM STUDENT TO SCIENTIST, THE

P1ST-DOCTORAL EXPERIENCE TRADITIONALLY HAS SERVED TO-TOP OFF

FORMAL EDUCATION AND IMMERSE THE NEW PH.D. IN FULL-TIME RESEARCH-

THIS PROCESS PROVIDES TRAINING TO YOUNG INVESTIGATORS IN VALUABLE

RESEARCH. SKILLS WHILE OFFERING.A SOURCE OF QUALIFIED AND

AFFORDABLE RESEARCH ASSOCIATES FOR SENIOR SCIENTISTS.

POSTDOCTORAL OPPORTUNITIES. VARY SUBSTANTIALLY FROM FIELD TO.

FIELD, DEPENDING VERY MUCH ON THE STATE OF THE INDUSTRIAL AND

ACADEMIC JOB MARKET. IN THE FOUNDATION'S FY 1984 BUDGET REQUEST,

IT IS ESTIMATED THAT NSF AWARDS WILL PROVIDE SUPPORT FOR 3,189

POSTDOCTORAL SCIENTISTS-, AT A TOTAL COST OF $54.9 MILLION. THIS

IS AN INCREASE OF 8 PERCENT IN THE NUMBER SUPPORTED AND AN

INCREASE OF 18 PERCENT IN THE RESOURCES GOING TO THIS IMPORTANT

SEGMENT OF THE EDUCATIONAL RASE FOR SCIENCE AND ENGINEERING.
PARTICULAR EMPHASIS IS PLACED ON THE EXPANSION OF SUPPORT FOR

POSTDOCTORAL POSITIONS IN PLANT_BIOLOGY AND :MATHEMATICS IN KEEPING

WITH THE FOUNDATION'S EMPHASIS ON THESE TWO AREAS IN-FY 1984.

CONCLUDING REMARKS

I BELIEVE IT IS IMPC0TANT THAT WE KEEP IN MIND THE TOTAL

SYSTEM OF EDUCATION AND TRAINING IN THIS COUNTRY FOR PRODUCING OUR

FUTURE RESEARCH SCIENTISTS, ENGINEERS, AND TECHNICIANS. THIS

SYSTEM CONSISTS OF A CONTINUUM EXTENDING FROM PRIMARY AND
SECONDARY SCHOOLS THROUGH GRADUATE SCHOOL'AND THE POST-DOCTORATE.

I RELIEVE THAT OUR FY 1984 REQUEST ADDRESSES EACH PART OF THIS

CONTINUUM.

THANK YOU MR. CHAIRMAN;
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Senator HATCH.. Thank you, Dr. Knapp. We're very appreciative
of these two statements.

I de have a few questions for you. It's generally acknowledged
that math and science education in our primary and secondary
§choel§Lia often inadequate. Indeed this inadequacy is described as
a national crisis by some Whenever the_wordcriaiS" is used, a cry
for Federal dollars is sure to follow; Greater Federal spending and
regulation is still viewed by many here in the Congress as a pana-
cea for our problems. Keeping this in mind; I would like to ask you
to what degree the reSellition of this crisis depends on additional
Federal funds and Federal direction, and to what degree it depends
on the will and diligence Of parents and educators in a better utili-
zation_of existing resources?

Dr. KEVW-dtetH. Senator Hatch, let me respond; if I may: I think
the vary question' comes to the very crux of the entire problem
tedaY. There is no way that the Federal Government alone is going
to be able to, lead a restoration of the critical importance of educa-
tion in general and science-and mathematics in particular, as per-
haps the most essential investment in our Nation's futUre. I- think
there is no question that the Federal Government must be respon-
sive; must assume a leadership_ role but the responsibility lies in
the hands of the American citizenry; from parents to State and
local-geVerrithentSA-thiiik- that our programs must be innovative;
must respond to this leadership and catalytic role that the Federal
Government must play, but it must not be seen in any -way as a
replacement for the -will and incentives that can be provided in the
home and the school. itself.

Senator-HATCH. Thank you. In the last few weeks an impressive
number Of education interest groups have banded together to advo-
cate a new Federal program that stresses justtwo functions: a na-
tional' assessment of math and science education; and the develon-
ment of programs to enhance the skills of existing math and sci-
ence teachers. What do you think about this emphasis?

Dr: KEXWORTH. I think there is -no Question that we are all-going .-

to want to draw upon the-strongest possible data base and informa-
tion base that we hAVe. The National Science Foundation, for ex-
ample, has plans to try to develop the data base that they will
need, but let us not delude ourselves. We have a problem on our
hands today; the problem is one that is recognized by the majority
of the AineriCaii citizens, and we are responding and we must con-
tinue to respond; As assessment by itself, of course,will not solve
the problem. Ithink better and better data base; better and better
information that cannot be gained at one time, but will have to be
the result of years of work of how to better get knowledge into the
classroom; how better to _prepare our teachers, how to develop
teaching modules that will improve a teacher's capability, all _of
these are going to have to be the elements in an evolutionary proc-
ess.

Senator HATCH. Dr. Knapp has testified that there is a materials
development component in the plan which will be submitted to the
Appropriation§ Corm-rate-O. Let me ask a couple of questions about
that.

There seems to be some difference of opinion over whether there
are not already adequate teaching-materials availiable,.arid that the'
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issue is really one of helping teachers use the materials more effec:
tively and providing some funds to local and State education agen-
cies to buy such materials; What's your view on this?

Dr. KNAPP. I believe that the need to develop new materials is
really quite real. That, in fact, exemplary materials for the teach-
ing of various scientific subkcts do need to be updated, do need to
be-deveroped-at s-time-for-rmierrr-pres
Cepts. However, there is a need also to test these materials as they
are developed, this is also a part of our plan. I think that the way
the National Science Foundation goes about developing these mate-
rials through the response to proposals from universities, from col-
leges; from school districts, from education organizations, the way
we goabout judging these proposals and then developing the mate-
rials on the basis of the quality of the propothal, which have been
presented to us, will allow a wide-ranging testing of new ways to
presentdevelopscientific materials -for teachers. We will devel-
op a new and more effective mechanism; perhaps using the new
technologies which are available for teaching that have not been
available in the past.

Senator HATCH. If NSF develops thvse types, of instructional ma-
te ials, how do you plan to disseminate them? Do you foresee just
m king the materials available and allowing the State and local

ucation authorities to choose whatever they desire?
Dr. KNAPP. I think the choice of the materials has-to be up to the-

discretion of the _fix:al school districts. I believe that the develop-
ment of 4 curriculum out of these materials is a local problem.

Senator HATCH; What sort of collaboration would you-require on -
the dev.elopment of these materials?

Dr. KNAPP. What kind of-- excuse me?
Senator HATCH. Collaboration.
Dr. KNAPP. I would think that the optimum collaboration would

be the collaboration between university scientific researchers, rep-
resentatives from educational institutions of training and educa-
tion, and the collaboration of the teachers theinselves. All of these
working together will develop these materials in the best and most
coseffective way.
. Senator HATCH. Dr. Keyworth, the committee is seriously consid-
ering_ devoting a portion of the funds available in the math and sci-
ence legislation to a program that would assist cooperative projects .*
between businesses and schools with Federal matching funds.
There has been some concern over which Federal agency should
administer such a program; whether it should be the Department
of Education or NSF, or maybe even both. Which approach would
the Administration prefer?

Dr. KEYWORTH. Senator, it depends on exactly how these re-
sourcesthese cooperative _resources, re to iae used I think we
should make dear that -the National Science' Foundation has strong
links in experience with the academic community, universities and
colleges in particular; There is a tremendous capability there that
should be used in improving our ability to conduct precollege edu-
cation. The Department of Education; in contrast; has skills and ex-
perience in interacting with primarily our precollege educational
world. I tliink it -depends on the specific natkire. I certainly do
share with you, Senator, trong feeling that we should be very,
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are directed toward the appropriate task.

Senator HATcx. Dr. &hrnitt; you've been kind enough_ to come
and be with us today. What do you think about a cooperative ap-7:
proach between business and schools to develop better math and
science teaching in our public schools?

te. -of all let me say there is
-. quite a bit of interest iii the industrial community in t issue and

a recognition of its importance. One of the groups that I'm asiociat-
ed with, the Induatrial Research _Institute; has had discussions of
this issue in its board meetings. So I'm sure the sentiment in the
industry generally would be strongly in favor of actions to help
solve this problem.

I think the answer to your question would depend on the specifil:
programs; For example, can 'Maxine that in communities where
industry_has_a _pres-ence with scientific and technically based people
that forms of cooperation and contribution could be found. Howev-
er,, there are many communities in the Unitea_States; as you know;
which do not ;have industry presence of-that type; I think coopers=
tioh at the local level would be somewhat more difficult in those
cases. I think it *ill have to be a mixture of activities that industry
would participate im

Senator fl-ferck. Thank you. We appreciate you gentlemdt heing
bete -today as _top science leaders in our administration and the
Governinent. You certainly- added a lot to this particular lekislative
session. We appreciate having your testimony so- that we can come
up with 1egigatiou that will resolve these problems that you've

-raised here-today;._
Thank you-for coining. I appreciate it_
Panel 2 consists. of teachers Worn public schools in the DC area.

I'm very happy to have you here with us today. It's very important
for the Congress to hear, as Lincoln put it, "from those who have
borne the battle." .

_-Mrs: Mitchell;_ BrOWt 1, Ms, Nussbaum, Mr. Brown, mr.
Thayer, Mrs. Howell; and Mr. Goffredi;_I welcome you to our hear-
ing this morning on= this vitally important issue of math and 'xi-.

ence education: I understand that we have a number of Young-
people here &din your various schools. Gan Somebedrtell the which;
schools theY're from? We're very happy to welcome all of the young
people here. Wh.at we're talking about-is really extremely impor-
tant to all of our futurea in this country. You young people are the'
future. We're very happy to have 'you_ here today. I know these
hearings aren't alwayS eases to sit through; but this is one of the
most important hearings that were going to have around here for
a long time

If you folk, would let me_ khoW what schools the students are .
from as you testify,I would appreciate it

As you Icnow; we would like to engage you in a discussion about
this critical issue and get your firsthand Views,

I will just throw out question here and there, but I want you
all to feel free to offer your comments find your opinions as you
like. We realize that even though you come together as a _panel,
thst perhaps you do not know each other. We know that your
teaching experiences and situations do differ and you may have dif-
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ferent views to share. What we really Want to know is your percep-
tion of current math and science learning and what you would like
to do to improve it

rm happy to take any statements that any of you would care to
make at this time. I might mention that all written statements will
be put in the record in full, including the statements of our prior

though-completery-clelivered:
Why don't we just start off with whomever you've chosen?

STATEMENT OF, JOHN 0; THAYER, PHYSICS TEACHER; BALLOU
HIGH SCHOOL, WASHINGTON; D.C.

Mr._ TH.-AYER: There are a few students here from Ballou High
School, where I teach.

I prepared a 2-minute statement. I was going to prepare a 4-
minute statement but-I have a_ stack of lab reports to grademy
assistant principal said it would take an act of Congress to extend
the deadline on that so---

Senator HATCH. Well; we always like abbreviated statements; but
whatever you care to say; _ .

THAYER. When I was_.asked whether I would like to partici-
pate_on this panel I responded pogitively because I had been think;
ing for some time about the problems of science and math educe-

In particular; I reflect now on the influence of Government-spon-
sored programs on my own career. It is in fact very unlikely that I
would be a classroom teacher today were it not for the training and
inspiration offered in several NSF=§0Ohicii6ii summer institutes,:in
which I participated within the period between 1965 and 19-72.
These institutes addressed curricula in ways which met several
needs of science _teacher& Knowledge of the subject matter was
strengthened, and skills needed to effectively facilitate laboratory
experiences were upgraded; Since teachers usually must find
summer employment to supplement income, the stipends _covering
tuition and living expenses were necessary to attract teachers into
the programs.

I, personally; would not have attended the institutes without the
stipend, in which case I would not have been trained to teach PSSC
physics, Harvard project physics or enneering concepts. It must
he very frustrating to attempt to - accomplish_ any task 1which re-
quires training .not- -t-4:c aired. I physics_teachers- come
an go uring t_,- postinstitute .period; some Of whom might have
stayed on had they received up-tO=date Skills training, encourage-
ment; and inspiration potentially available in a well-designed insti-
tute.

I can say with a high _degree_of certainty that without the insti-
tute experiences I would have been taking advantage of other op,
portunities; for .other opportunities- were abundant at the time, and
continue today for one with skills in physics, electronicsi and com-
puters; _

The NSF summerainstitutes_ have_ had a laSting effect' on my
career: rin not sure what success criteria_ were used to essentially
abolish the institutes, but it seems to me that a program which im-
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proves cornpetancies of teachers in critical areas, and influences
them to keep on teaching is at least some measure of success.

[The prepared statement of Mr: Thayer follows:j

.-"-

24
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JOHN G. PH-AYE:1i

John Thayer. s.,a2 trained as a secondary teacher at destern

Michigan University., where
he-reCeivod_hit_E.S. degree (1957)

with majors in Physics and Radio and TV- Technology, with a minor

ity,Mathemetics. Alpon-graduatior_.Thsyer
was recruited by!a

government R & D lab-(HOL) in_i:rAhington, D.C.,.becaUte Of their

need for personnel
WithleXpertite_in_electronics and physics:

In 1962 he gave up hit "Car.".er Physicist" status to become a

Peace Corps Volunteet science teacher in Malaysia. Where he worked

for two years..
Upon return to the U.S, 17.!:, Thayer studies fOr an M.A.

degr...?-o in Seiente
Education_(Western Michigah '.66) and began_

tead?fng physic;: at Mc_Kin2ey_Hich
:school (D.C.) in 1965, _where

he stayed for_II years, at which time he began teaching in the

newly 4bi-moq "Science/Math Program" at Balloh High
School (D.C.)

where he_stiI1 teaches two levels of physics and a course in .

Engineering Concepts.
aetwee'.1 the years 196,5 - and 1972 -1s: Thayer received train-,

ihg at various NSF institutes, inClUding_PS$C Physicp, Harvard

Pi-eject Physics, Eng,necring
Concepts Clrriculum Project and Chem

Study.

At Rallau High School Mr. Thayer sponsors the Engineering

Cl_ the "It's Academic" team, title- Physics Olympics team and

is Tru ee.of the Amateur Radid_Stati_%n_and satellite tracking

.,aCiItty. He is the schOeil MET= 04etropolitan Consottiht to

increase mi ority partitipation_in_engincerinc) represer4ativq

and_coordi -es several programs ai:aed_towr.--J METCON goals:

He has taught in- service courses_on_"Comp,,:.et Applications in_

the.Classroom" and "Amateur
Radio_in_Educz,tion% (Ho has. - other:

teacher-training experienQe_at the former D.C. Teachers College

and at the PeaCe cotpt Traini. Center in Hilo,_Vawaii4_, He'is

in charge of the. wind ard So: : energy project illtAallations.

Mr. Thayer is-a_member of the American Association 'A' Physics
Teachers;' National Science

Teachers-Association; District of

ColUMbia.Science Educators association, Amateur- Satellite Corp",

AmeriCan Radio Relay League and AmateUrRadio_RasOarch and

Development Corporation., Some of the awards he_has received-'

indldde the -Joint Board on Science Education "Outstanding
Physics Teacher" award in 1971;__Kivolnis_Club "Outstanding

_ _

Service as a Teacher" awardin 1980 -and the Dis'rict of colubibig

Science Educators "outatandihg
Science Educator" award in 1982.

;J.r. Thayer,is-unueual
in_that_he has gone against the _

flow of science and math teachers_who leave teaching to enter__

industry or the government: _A firm career choice -was made,__and

the timi:Ig of support (NSF Institutes) was just,tight_to encour-

age him to continue.

O
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THE LA,,TINC INFLUENCE OF NSF INSTITUTES

,then I. was asked whether I would_lIke to_participate_on
panel I responded positively because I had been thinking

for some time about the problems of science and math education.

In particular, I reflect'mow on the influence of govern
ment-sponsored-pregrams on my own career. It is in fact very"
unlikely that I-would be a classroom teacher today were it
not for the training and inspiration offerred in,-several
NSF-sponsored summer-institutes in which I participated within
the_period be;ween 1965 and 1972. These institutes addressed
curricula in ways which met several needs of science teachers.
Knowledge of_tbe suoject matter was_ strengthened, and skills
needed to effectively facilitate laboratory experiences were
upgraded. Since teachers usually must find summer employment
to supplement _income; the stipends covering tuition and liv-,
ing expenses were necessary to attract teachers into the
programs.

I personally would net have attended_the instituteb
without the stipend, in which case I would -not hwie beeh
trained to teach PSSC PhySics, Harvard Project_Physics_or
Engineering Concepts. It -must be very frustrating to_attempt
to-accomplish any task which requires training not yet acquired.,_
I have seen physics teachers come and go during.the post-institute
periods some -of -whom might have Stayed on had they received
_up7to,..14t _skills training,-eneodrahement- and-insfa--Elon
potentially available in a- well-deaigned institute.

I can say with a high_degreldf certainty that without_
the_institute experiences I would hexe_been__taking-advantage
-of-otheriopportuntttes, for other opportunities -were abundant
at the time; and continue today for one with skills in physics,
electronics and computers.

NSF summer insitutes_hale had a lasting effect on
my career. I'm not sure what success criteria were used to
essentially abolish the institutesi but_it seems to me that a
program which improves competencies of teachers_in_crItibal
areas, and influences them to keep on teaching is at least
some- measure of success.

John_Thayer
April; 1983



24

DISCOURAGING OUR BEST

When I see Arthur brooks, Marina Henderson (seniors at

3allou Hieh School) and others on our "Physics Demonstration

ream" present cience demonstrations to the community I feel

compelled to fantasize, en.'- coning them_as classroom teachers...

some Of America's best, providing exciting and meaningful

instrdetiori_to the young.....onIx.a
few_Y ears from now. It

is a, haunting thought,
lasting only_a few seconds. Wet

one encourage those who have Obvious teaching talent_tb pursue

teaching careers? The answer -ay_be implied in another_ _

question;__ Would I encourage .5eone I_respect-to go into_a_

professi_on not widely reireted4. where in many-diStrictsthOse

With_fewer than_5, 10 Or even_15_years experiehee in their-

particular school system are threatened with possible layoffs?

The fact is that there_is a tendency to steer our_most

talented young people into other professions Iaw;_engineering,

medicine, computer programming or almoSt anything-else besides

teaching. -There is o_uite_a dilemma fading teadhersi_pPrents

and counselett; we_want our young people'to,seek_careers that

will bring. them status and money, so We guide them into those

areas whiCh iIl_satisfy the criteria; even though it may be

that one poSsessunusual gifts (and eYen_perhaps a hint of

interest) Which could be put to better -use for the good Of

society in the science or
mathematics_classroom, or some other

olagarooM Defense- related opportunities
abound, and are

enticing. As_one whO has peLboinally7vowed Lu, -'at the old

song goes;_7.study war no more i_feel_somewhat torn as I write

a glowing_- recommendation
for a "natural teacher " -to -get a__

summer D.O.D. job where ane_of_the_main
thrusts is to learn

more sophistica-ted wayt-te--"zap"

Further, everybody. wants_the"best". There is_intense

competition for those Students
who have done well in their

science and math Classes, We have been SUCCessful_in_steering

our "natural teachers" on the physics
deMenstration team into

engineering- programs at West Point, N.C; State, G.W. and other

reputable' plebes of higher learning.

The question arises as to whether it_would be a waste of

talent Rik' Someone who could be a computer systems analyst, an _

astronaut Or_an advanced weapons system designer to be a science:

or math teacher in a school. It- is-not a waste provided the___

indiVidual_hus_the interest;
ability and willingneSS to do what

is necessary to succeed as teacher. After all, deet it_make_

sense_to_assume that a killed;_knowledgable, ihapiring_science

or math_teacher will beat more_fruit than someone barely

knowledgable and not enthusiastic about teaching?

tong tdrm, productiVe
-resultSTthat we desire;_it seems clear

that we must find ways of_identifying early those_Who_have the

Pe-Letitia/ for beCOMing excellent teachers any: then_providing

the necessary incentive to pursue sciehee or math teaching

careers.

John Thayer
April, 1983



An NSTA Position Statement

Science-Technology-Society: Science Education foi the 1980s
Preamble
_Snetkiiiidiechnology irdluencervery aspect of our lives. They

are central to our welfare as individuals and ID &IC welfare °tour
sock*. All around us are enmples of the importance of science
and oWmtoty forProduction offOnT helier,cbehina, snore-inn.
trampottation,and various sown" of energy. Thirteen an increas-
ing number of scie nce- andtechnology-related societal-problem,.
well as increasing_ societal benefits. Sciense and_tichnology ace
central to our personal and cultural welfare awl to many societal
Pitablema WE Must insure appropriate science education for all
Minns. -

1-10Irretr, the qiuntiry and quality of science education for all
people amooecommensume with the suntsssf science and tech-
nology in society. When one .0a:I expect budgets. time spent on
sesence-related saints. and support for science education to be
increasing they are decreasing. At the same time these Isnontare
declining, societal problems-continue to require an understanding
oL kienee_and_ciehnOkigc, The burden d response resu heavily
u_pon the shoulder, olaUpersons swanned with science endes_von-
scientists. engineers. classrcons teachers, other educators, and
actio eirninistfatOM-Matn of the piebtems we al¢ iooay can be
solved only by persona educated in the ideas and _processes of

-science and technology, A scin.tific literacy is basic for living.
wikking. and deiision making mthe_19_60, and beiniti

There is s crisis in science education. The following science-
teettnirogy-seciet- y ',tableau dems,41 immediate attention:

understanding of science and cedinology_ere_central_to_our
personsl and rational welfare, yet public appreciation of science
idtkitailihaitiedinett _ _

increasingettunter of individual and sacietalproblems whWi
have an -impact -on the quality of life are Mead to science-
genersted_teclanologr_

as the impact of science and technology on society has
i n e t e n e t 1 theiappon f e l t s c i e n c e education has decrease:

compared to its recent pastille United States has fallsolehind
in the production of scientific and technological goods and services;

women. minorities, nL nindirepped persons are under
in nearly II professional and technical roles in science

and technology.

_

The goal of science education eluting the 1980s is to de_nloP
scientifically, literate individuals who understand how science.
technAoyfy._kndsceiltryinfhtener one another and who are able to
use this knowledge in their everyday decision-making. The scien-
tilinllylitente_person has a substantial knowledge base of
concepts, conorpeual networks, ndmateas ;kills which enalge_the
indn' al to continue to lestn and think logical*. This individual
both splincistes she sratie_ofscietweand technology in society red
understands their limitations.
__Mir-ilia:eine lined &kne help to describe scientifically liter-
ate person. Each insane should be thought_a_as dm:Axing.
continuum along which the individual may progrcu. The progress

. of the individuals science education should be equnnd with proe-
ms-along this rontinuurn.

The and tecimologicallyliterate person,
uses science concepts, process skills. and rabies in making

responsible everyday decisions;
understands_le,wsociervitilluences .4-knee and technology as

well as how science and technology influence society;
understands that society controls science and technology

through die allocation of resources;
recognises the limitations as well as the usefulness of SCICOCC

and teebraolegY in idnncing human welfam;
knows the major concepts. hypotheses. and theories of science

and is able to use them;
appciatet,seience anti tedirvikip* for ihe intelLectual stimu-

lus they provide;
understands that the generation of scientific knowledge

depmds upon the inquityprooessand_upsiiinn&oal ilieotiin
distinguishes between scientific evidence and personal

Opined; _

recognizes the otign of science and undenta_ndti that scientific
.kcc.nowluel;_e is tentative, and subject to change as evidence

understands the applications of technology and the deciskinis
entailed in the We of technology;

bas_sufficknr_ktiewledge_iiid eTaiseriallie io appreciate the
wonhiness o1 tesesiti, and technological dcrelo_pmene,

has richer and more exciting view of the world as the result
of science educationjand

knows reliable sources of scientific and technological infortris-
Oen and uses these sources in the process Of decision making.

Recommendations for K-12 Grade Levels
E.InntsasAi*Sthool_Sainace

Science should be an inter-Apes+ of the elements* school
program It should be used to integrate. reinforce. and enhance the
other basic curricular areas so as to make learning More meaning-
ful for children.

_A tatifollYjdarined indeitindatedeletnentary science curricu-
lum should provide daily opportunities for the sequential demi,
opment of basic physical and life science concepts. along with the
development of scierscelmccs atandinquity_ildl& _

Elementary science should provide opportunities for nurturing
children seamed CitricUhl. This helps them todevelop confidence
to question and seek answers based von evidence and_indepete
dent thinking. Children should be given an opportunity to explore
and investigate their rld using_a_hin&-on appioach, with
instructional materials readily available.
___The_finia of the elementary science program should be on
tome, in_g in children an understsndingoi_sn interest in, and in
appreciation oche -world in-which they live.

f kidtallsolasr ilsgirSedszol
The middle/junior high school science curriculum should be

designed the needs and learning styles of the ear*
adcleseent.Srodents should be peat:led withdaily oPporntnitin Id
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exp6re kienoichmogla readin& _discussion, and-direci keening

eltirricp_CLII in the dustoom,Istoesecimaiti flea
Middle/junke high_ Cied_iticrsce_shou Id contribute to the

ckvienprisenr of nientifica/klirerate pertain and not simply pre-
pare them foe the next science course.National Sindieihave_slsown
that olien-mWIryisiiiirii high school science is designed to prepare
stridems for high_ school Wolof:" rich -no emphasis on plqiieal

-ideate. In addition, studies show dist (Mr& than one half of the

lunicTe an-icts_going on to high school take chemistry and
physic. Ilserefo-ii;leis imperative that an important_dinar of
huddle /junior high 5C1MT:416E1'1c-eke toward the physical and earth

Middle/junior high school students-s conimuelo_deveop
science prccess_kkil0 and somenc. Middletiunior -high school
science should emphasise dwell/rut:ow of both skills indasisttsst -_

no the nucleate personal fife _median and enable students to
begin examining societal issues that have a scientific and who°.
logicsl basis. Middle/junioe high school saidents_need to apply

what they hiXe laained_sennudter their instruction to ironic the

!airing value of the experience.
High School Science _ _

The high Schocd_science curriculum should enable students to

husher develop the scientific and technological literary. Counts

imorporaiing laboratory and field work help to

meet this_ need
.

A balarced cure of two yeses el scienceihardslberequired of all
ondenti. cursiiiiingialoneyear _ol life science and one yeas of
Oldsical scienceboth taught in a sciencesechnologysockry con,

rest7-11se-courseishopporrususits to
&wkly. skills in idestibing science -hied so-oral problems and in

frisking decisioru about their resolution, _

&Wenn interested in explaring_or_prepeong for careers in
scienee,intiOn tin technical fields should have she opportuni-

ty to !eke addirawl discipline -based COUrSeS_Madurm-edbrolory;
chemistry, physic, nittesrth sciences. These courses should be

planned snd_seque-ced to take advertise of thenuelente
command of mathematics

Time on iiiresie_Immasg_
Lower elementary level (grades- IC-3).-1 minimum of Ill

hours /week of science should beres*red.
VOW ekmeniary_ level (grades 4.6): minimum of 214

hour /week of science-should be required_'
Middlryaddarlagh_schoolkvel (grades 7.9): a minimum ell

_hourydsy for as least 2 full years el sunk- should be require.] of all

ruckus.
_Senios high school level (grades 10-12): a minimum of 1 hour

per day (at 2 full years of science should_Ee requirni_The tousles
told reprearlinaliohnie ulphoical and life sciences.
Mphisar on pingraws, foi all oadosti

In elementary. maik. luniot high, and senior high school
gradar.selence aducadon_programs shouts provide basic concepts

(or all st udents. Opporrunities shonIcItTe aiaiLaMelocs_nicientawith
diverse inierensindeorninnmenui_ncluding students with excep-

tional interests and talents

EMPIsiditOn mime. sehication foe ihe aimb pnieral popsdatioes
&boob should provide- educational opyornuitics its antes

foe all the adult pcpurson incheircommuniry,_
Calletcs,_universides. and national organiudons- should

increase emphasis on science education for adults tlunnei public

lecrona and
___The important coniavutions of out-of-school education-pos-
sums such as-museums. TV, pbiweariums, and most should be

ricagiiiiird and astiliudbyallthose involved.
Em_plurn on the professional develoPmeni of inliorit teachers

ibroegthmsemint oppomandiel
AccIlkyrek imiversities, and ocher sgenties sho-tdd develop

teacher education and inscrake alum inn minims that arc con-
sistent-wids ihinpolicy_audeinem

School districts should provide opPorturtides,enmairagemeni-,
and recognition for mullets rho Maintain high level o f proks.

'Mind tryngmence._
Ern_pbatir of laboratory and fit,. activities _

Elememiri_krel_ bioratol and field activities should urns
she development of basic inq -uiry skills,

Middle /junior high school Feel andekldsctivicies
should ittesitheappliestionsndeitellSi00 of inquiry skills as
mesas of obtaining knowledgeXnd resolving-peoblerns.

High school keel larmiatelry_ suivides should
etephaxina onk the so:mid:km of knowledge, but alio probleni
solving and decision making. -
SeliaCe insineribia Minkel nstdente cogriiiien
and sw9060IMIdelosionewt-

-rchoollasndriWo;iiie- -obicaires. COMM. aixtintesustionAl
strategies _Macau_ _appcipeiste m the student's stag of mental.
m o r a l , and p h y s i c a l development.

*-11arying strategies sitA litateriah iheadd_ lae_plocided_ at all
gradeito accommodate students with various level; of kaining
skills and mental development
Ernpludir on

Elementary keel a minimum of 5 percent of-science instruc-
cion should he dirrnedsonsidycience-rebited_steitraliss_ues,

MWdk/Mniarldet_school level: !minimum of 15 perm-mod
acienceinuniction should be directed toward science - related sock-

sal issues _______
lSerkiat high school level: a minimum of 20 percent of science

instruction should be directed toward ksence-relared societal
issues.

The Coomaime le-ENvelop die NSTA-Paitio6Sommme
SCIENCETICNNOLOGY.SOC/ETE:

SCIENCE rt.C.)CAtioN FOR TI5119110.

iniNiteer tb.N£ 14.2vell
Michisto Sara-Universiry 0.51and

546 Ericlunn NM Rood

Ewa Larssiy, MI !MIN PoNim. MI 4aos4

Roam ir Dias Or Feather E..kcacIun

Gahm Lake th5i*Tsi47 dCalaioNsio

NunhfieM MN 55057 tree, CA WI

KathiNn itiluentIbut Hansid PnIA .

ElierneriurySi.inum Rename Trrhn Scimarlcipervoor

This NSTA Position Shdement VMS adopiedsinarriniori0
4!kenkl P.bric &h.*, : yritersenComy Pub!. Schaaf

1 Boar) of Director, is 1082 AlAiiti ingle4of ibis at:4"X i4 CO10176

position isidernentantereilahle; soils so Are Nailed./
Science Teadito Association 1742 Connection AveiN.WC.
Weihingion DG MOO.

95+71_6a9iis Hunt
549 Hiltm-taut-
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Senator HATCH. Thank you. We're pleased to have that.
Mrs. Ho Well, you submitted- a formal- written statement. Wciuld

you care to summarize that for us and we will put your formal
Statement into the record.

Mrs: Howell, by the way, is a classroom teacher of mathematicsand science to the gifted -at the Stratford Landing Elementary
School in Fairfax County, Va.

STATEMENT OF KAREN J. HOWELL, CLASSROOM TEACHER OF
MATHEMATICS AND SCIENCE TO THE GIFTED, STRATFORD
LANDING ELEMENTARY SCHOOL, FAIRFAX COUNTY; VA;
Mrs. HOWELL. With your permission I'll make this a very brief

comment.
Although I could have chosen other career paths in either sci,

ence or math, my decision was to teach; While there are times I
question my career decision, AS we all do, I do-not:regret-it-Ma-fly

_indiViduals chose-teaching because career opportunities, especially
for women at that time, Were limited and they wanted to be sure ofa job.

The same individuals today are not choosing teaching but are
taking advantage of newly opened, more profitable career paths.

In my statement I covered shortage of materials; the necessary
role of upgrading content skills not just the methods but content.

covered incentives, personal tax breaks and special recognitionfor teaching performance.
M far as gifted education is concerned, two of the most impor-

tant areas are the upgrading of teachers' skills. Many of the stu-
dents who are not able to be included in gifted programs are in

rooms where teachers are not adequately prepared to meet
their needs. Most teachers do need their skills upgraded, as well as
needing additional materials to meet the needs of those children.

I believe -the supply of high-g_uality teachers will continue to be
limited until the standard rewards of the free enterprise system of
compensation and recognition become available to the profession

Thank you.
[The prepared Statement of Mrs. Howell follows:]
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Statement before the
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United States Senate

April 18, 1983

by

Mrs. Karen J; Howell
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Mr. Chairman and distinguished members of the Committee, 30, name is Karen.

Howell. I am a classroom teacher in Fairfax County and I teach

mathematics and science to the gifted at Stratford Landing Elementary

School in Alexandria; Virginia; -my remarks this morning will be brief in

order to leave more time for questions.

My background and experiences do, of course- -hay_e_a_great-deal-to-do-wtth--

w at I have to say and my answers to your questions:- After earning a

Bachelor of Science degree from the University of Northern Colorado:

(double major in Elem. Ed. and Science; minor in Math.), I taught for

several years in a disadvantaged neighborhood where a good portion of

class time was spent maintaining discipline, protecting the students from

each other; and imparting basic social skills. It was one of my most

40
rewarding teaching experiences; In my current assignment; I teach

mathematics and science to gifted elementary students as part of a team

of three teachers. This, too, is a very rewarding and challenging

opportunity. Finally, I am the mother of two recent graduates of the

Fairfax County High School System.

I have been asked to comment on the legislative proposals you are

considering and to offer advice on how to solve this country's pervasive

problems of mathematicS and science education. I cannot presume to do

more than offer my impressions of the problem and tell you what, in my

opinion; will work and what will. not;

. 25-912 0 83 3
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Computers in the classroom. COmpUtert haite captured the imagination of

every child (and most adults) able to put twenty-five cents into a video

game-machine; In the classroom we are able to take advantage of that

interest to teach decision making ar,i logic at the same time we are

teaching math skills Or spellthg-or whatever,;__Computers have a dour
_

va ue because they can be used as teaching machines while also serving as

examples of organization, logic and drision making. (They are much less

fallible in this regard than we mortals.) Computers are definitely

needed in the classroom at all levels;

'4
Ilse of the"skills--"-. We are very fortunate in Fairfax

- _

County to have aApecial program for the giff which is built around a

center concept. In each area qualified students go to a designated

"Center" school where the gifted program is provided. At our school I

teach all thk mathematics and science to the fourth; fifth and sixth
_ _ _

.

graders. The advantage is obvious. I knOW-All the skill levels_of_the------

students and have three years to move each of them as far along as they

are able to go; The students understand my particular methods and leSS

time is trying to "figure each other out". At our school, one

_

teacher With the interest and qualification to teach math and science,

does what it takes Many to do, Working part time; under different systems.

Retraining teachers and other incentitives. There is)a popular

Misconception that teachers work eight to five for -nine months and then

have the summers free; Programs to support in- service training or summer

school courses will not -be welcomed if it is assumed that

there are no competing activities. The faCt is that the summer break is

34
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generally only eight weeks long and about one -half of my weekends and

evenings during the school year are devoted to grading papers and other

school work; However; many elementary level teachers mitt hay

scienc _ancdr-inath-skf-1-1-s--Weitinetticids of teachingi upgraded. Therefore;

in-service courses should teach They must be worthwhile; both

while attending, and in terms of application afterwords; and some

additional motivation must be provided; I am not in favor of salary

differentials because of the subject taught. To dirfer-eirtiate on that

basis would undermine the very necessary cooperation and team spirit

essential in the schools and would re7ult in persons electing to teach-

Math or science for the wrong reasons.

May I suggest that a federal program that provided optional examinations

to teachers who wish to be recognized as "master teachers"Anight be an
_

answer. .A "master teacher" program could be established first for

mathematics and science teachers and carry with it either a cash award or

a salary differential. Such a program would allow teachers who do not

wish to become administrators at least, some career opportUnity without

forcing them to give up the classroom.

Personal Tax breaks. When I was teaching dis'advantaged children just

after I graduated; my income was very low but still I found myself

spending my own money on teaching aids, supplies and so forth. My tax

bracket was also low so 7 didn't get much of a refund for these

expenses. We are now a two-income household and both our tax rate and

our abiity to spend money for equipment and supplies are higher; r mould
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like fb suggest that-a way be provided forlowAnsgmteachers-whoi-sp&rd------

er-own money on science kits to be paid back completely up to a

reasonable ceiling;

c,

Spec al- ecegn -tien. When our students do particularly well, we reward

-
them with some form of recognition. It doesn't cost us anything. No

special.funds are needed. It would be very motivational to all the good
.

teachers (who generally are only recognized by parents when something-is

wrong) to receive some sort of Congressional or State certificate of

appreciation I am sure that an.uncomplicated system could be set up so

deserving teachers could have something to put on the wall that let the

parents and the students-know that their Senator supported superior

performance.

4" 3

I would like to close with a personal observation. I was fortunate

enough to be able to choose almost any scientific career path-I wanted.

NV decision was to teach and; while there are times when I question that.

decision:4s we all do. I do not regret it. Many of my classmates in

college chose teaching because career opportunities for women were much

more limited and they wanted to be sure of a job. Those same women today

are not choosing teaching; but are taking advantage of newly opened

career oaths. I believe that the supply of high quality teachers'will

continue to be limited until the standard rewards of the free enterprise

system - compensation and recognitjon - become available to the

profession. Thank you very much. I. would be- please) to answer your

questions;
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Senator HATCH. Thank you. Abe there any other statements
before I ask some questions? _

Ms. Nussbaum.

STATEMENT OF PATRICIA PANTANO NUSSBAI3M, TEACHER _IN
THE. MONTESSORI PROGRAM. JOHN BURROUGHS ELEMENTARY
SCHOOL; WASHINGTON, D.C.
MS. NUSSBAUM._ Before I begin to talk about my statement I

would like to tell you that, although I teach in the D.C. Public
School System, the method of education that I employ is the Mon-
tessori method. All my background in education is from that. In
my building there is a-Montessori method alongside the traditional
program, - ;

I think that I would like to mention here something that Mr.
Keyvvorth touched on and that is the raising of the standards of
achievement for the children. If we can look at' what makes a suc-
cessful learning' environment for the child, what the child needs,
then I think a natural-outgrowth of that is that his achievement
level can he raised.

Through the Montessori method we have found that if you pro-
vide a child with the opportunity for concrete; individual; hands-on
experience with materials before Presenting an abstract concept,
and if you give him a ch4nce to use those materials freely, not on a
structured timetable; as he wishes, during the course of the day or
the week, and if the teacher becomes to him a guide to that materi-
al; rather. than just a disseminator of information; we have seen
that children at a very early age are ,early to learn concepts that
normally are saved for later in life.

One of the key components to the Montessori program is to begin
children at the preschool-leveLso_that-when he conies to the ele-
mentary level he is already reading and able to begin abstraction
math processes. What this means is that the elementary level
child; who is really open to discovery; is not hampered by having to
learn how to read and compute. He's already got that behind him;
he's learned it ih the preschool stage;

We have seen that giving the child the opportunity for preschool
and giving him the type of environment such as Montessori offers
automatically results in raising the standards of achievement.

[The prepared statement of Ms. Nussbaum follows:]
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INTRODUGrIasi

he critical inadequacies of today's children in math and science

are deeply rooted in a complexity of prOblems facing American educators.

The fact is that by international comparison, American children in general,

for their high standard of living and access to tech;ology. &Unmet COMpete

with those of other industrialized nations. We it find a way to tap the

-inherent potentials of our Children, and the solutions we Seek at to shake

our educational system at its very foUndatiOn. We test begin now to funda-

mentally address this problem by offering immediate remediatiOn for our

currant atUdent population and at the same time aiming for basic, long-
,

term soNtians;
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I. Nee& on: the Child for Successful Achievement

A; The reaming Environment

Foremos:: to the success of rq math and science program is the

opportunity for the child to have a -.oncrete, LnAIVidUAI, "tads -an" ex-

perience relating to the concepts to b.,! taughi; This must be phwiaed with

balance of structure and freedom so_as to allow for useful observation

and discoVery. For example, in learning fractions; we give identludunita

cut into fractions for the Child to see, count and manipulate; Such

apparatus should be made available for all Concepts the child is to abstract

and intern-dine.

.The teacher's role ShoUld be teen az one of facilitator, rather than

disseminator of informatidn She must be confident and enthusiastic in.her

approach, always encouraging the and to find out for hitaelft (RetOining

to our examp a of fractions; she could show hew two- fourths fit ih the Spade of

one-half then ask: "What else can you find that would fit theren

Furthe it is essential that the teacher be able to integrate math

and scienc into the sObjeCE areas of reading, Laogusge, history. geographYi

music and ialstudies.

The idten Should be able to work on their own.daily-time-table, and at

the such t of their choicp, qrovi&ed they cover the babic requirements

of the cult': 16 this way there is always a variety of work going on

simul ly in the classroan which pronetes sharing and mange of

ideas. child is allowed then to follow a problem that interests him to

its sat faction and solution.

se are the major factors in stipulating and developing4echild's
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natural curiosity aid chive to order and Make sense of his world.

Pre-Sett oI EdUpation

tathT,41 it may appear irrelevant:to the discussion at hand today;

we must here make a case for the availability of quality pre-school programs

by public school districts. No Abstraction or theory can be made without a

basis in fact, and the period from age 21/2'to 6 is the otALmum time for

learning language in general, and language of fact, in particular:This can be

.related to color, number, compail,ons or classification. Such acqusition

is made without effort by the pre-school child and his capacity for vocaUary

knows no beihnds. /in addition, basic matheMatical concepts, ititiwitig

processes and operations, as well as reading Skins, can, without coercion

or "drill;" be acquired by tate age of 6; Thus it is that a Montessori pre-

schooler enters the elementary class as a reader; on the verge of abstracting

addition and subtraction; able to classify groups of the vertebrate animals:

a keen observer; comfortable with concepts of comparison._

The long-term advantages of a quality education at the age of 3 - 5

is well documented)* From this kind of foundati.;a the Nlontesdoti Child can

eventually, by age 12, be to advanced work often presented to the

average child for the first time in high sabot

C."Effects of Montessori School Experience," Young Children.
JuDy;__1981,-

Miller; L; andLEr r,___L-7our Pre-School Programs, SNciety for Research
and Child_Developmenti±ionograph. 1974 - 1975.

t 11 L. and Jones, B. 'Tour Pre - School programs. Their Lasting Effects."
Erik Document. 4 ED 171415.
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C. Raising the Staridards of Abhievement

Hopefully; it has been medeapparent thus far that by prbViding children

with the opportunity for pre-school education and IearningenVironments Which

employ those principles and materials suited to his needs; what follows as

a natural and enthusiastic result is a higher standard of achievement. The child

has shbwn us repeatedly that many of the standards we set are below his

de-liabilities. Regarding thiS issue, reference has been made to the Montessori

Method beCabSeit_bas proven more successful in many cases than the

traditronAt methbds of edbeation. There are now 57 public schools in 12

states (as well as hundreds of private schools) Which implement this method

. an a large scale, some of which show excellent results.

II. Needs of the Classroom Teacher

A. Problems Encountered by tbrrent Teachers

Speaking from my experience as a-Montessbri teacher and in speaking

to those who do not employ Montessori. I find there are common concerns, the

most urgent of whiCh are:

1) need fbr in- service training of cu.ren: teachers,- and

2) tatk of resource or specialty tes.liers due to: a] inede@site fun&

for hiring at competitive salaries

*The"MacDowell Montessori Sbhool in Milwaukee, which is racially-.
socially and intellectually balancd, reports thar their children ranked- second in
the city on the TIES, topped only by those children enrolled in the gifted
and talented program. Similarly, the Sands Mkontessori School in Cincinatti which
ranked 30th and 40th out of 76 in reading and math respectively-_ in fheir
pre, Mbntessori days, now ranks 2nd and 3rd. Their enrollment includes a city-
Widelation of Children (43 per cent of wham are welfare recipients)
bhd handicapped and learning disabled children.

41
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b] shortage of qualified applicant::

3) laCk of-basic equipment and materials with which to present

concepts and provide follow-up work,

In a world where technological and-factual information accumulate and

develop and change at such a rapid rate, the resource teacher becomes the

key source of information, a link, as it were, between the teacher and

current advances in the field. By the same taken, however, teachers with

special interests; or particular Weuiknesset, also need the opportUnity

to enrich and update their knoWledge And tedhai0e.

It uust be_e*lidaizecl=hert-to-provicre fOr.any of the Above

needs (in-serVice training, equipment or resource.teachers) in isolation is

to ruder the orhers useless. A teacher; inspired by a workshop ; -eager and

enthiwiastic; but having no access to proper equipment, becomes frustrated.

A laboratory of t quality, without the gUiding hand of a qualified

teacher, remains lifeless. A resource teacher who puts children in contact

with his subject on a weekly basis without facilitating cleasroan oppor-

tunities for repetition and applicatiaa'only serves to relegate the

concepts out of the real world of the Child's interest and huwhwatiom Thus;

there is established a cycle by which merry potential math and science

aChievers are thwarted: Few children pursue math and science courses in

scllooI and even fewer consider it as a career.

B. Future Teachers Incentives and Training

The education of our Children, which calls for the most qualified and

camoetent personnel, of loses such professionals to fielda that offer

Tor_ ludzative salaries. This applies to teachers in general and to specialized

toeckeyrs in particular.
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Staffing problems are better resolved by providing coacensation

comparable to that of business, goVernoent and industry, than by funding

scholarships for teacher preparation. When payment of scholarships is in

the form of required service, the most competent teachers move into other

professions after that period of service. That is What causes our current`

shortne of persca*L

Regarding teacher preparation, we must refer Mi these metlxids cited

which promote the success of the child. If we are to promote hIgher s=li:Janis

for our children; teachers must be comfortable in a methodology that

allows the child individual experience and intellectual freedom for dis-

'emery. In the areas of math and science particularly it is essential that

dhildren come out of their textbooks and away from their desks to see what-

the Wider world he to offer. The teacher must be his enthusiastic guide.

III. Recommendations on Government Fbfiding PreposaIs

A. Proposals Affecting Current Students and Teachers

Mionies need:to be available as suggested In Part II A, i.e., for

equipment and materials: for in-service teacher training; and for hiring,

resource or specialty teachers. These should be available directly from

the Federal Goverommlt to school districts as needed, in part or in total.

The goverrmnent is hot in a position to mandate higher standards of

aOhievement but could well prang throughtheth threngh incentives. Far example, a

school diStrict (or a particular school or region in that diattiet) could
. _

shbmit a five-year plan i-r anprovement of science and/or math, including

a curriculum and the level of achievement.anticipated. lfter the two

years; the plan is reviewed and funding continued; based an the results.
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Other options include: grafts to colleges and universities to

deVerdprograms for Current teachers; especially in areas where tech-

nology is being introduced and updated; tuition grants to teachers to

take such courses; providing money for salaries or salary supplements to

highly skilled specialists in teaching. It must be emOhasiied that the

dministration and monitoring of such funds require a tinlibleatibiUnt of

paperwork on the part of the teacher so that his performance in the

classroom is not compromised.--

B. Training of Future Teadhers;

Here Again, the government cannot and should not make requireMents on

the qualifications for teacher certification. Yet, in view of the need for

a teacher trantog program that is more in line with thenemNisof the

Child; monies should be available to colleges and universities for the

purposes of studying and developing successful programs and Ultitately

implementing them.

Finally, we most encourage futUre teaChers with assurances that they

can acquire a decent standardlof living for themselves and their families

in the teaching profession. This reqUres giving to education the priority

in Beth State And federal budgets that it deserveS.
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Senator_HATcH. Thank you.
Mr. Goffredi, as I understand it; you're the chairman of the de-

partment of mathematics at Wakefield High School in Arlington:
Lio yOu have a statement?

STATEMENT OF LOUIS GOFFREDI, CHAIRMAN, DEPARTMENT OF
MATHEMATICS, WAKEFIELD HIGH SCHOOL; ARLINGTON, VA.

Mr. GOFFREDL Senator, I think a couple of the points that have
already mentioned, dealing with salary; summer jobs the
te wish to get every yearI've been teaching 17 years and
am pleased to say I think I have my summer job already lined up
this year The problem with that is that teachers don't have the,
freeaom to take courses'for their enrichment; to take courses that
will give them better preparation for the new materials, and for
the new approaches to mathematics that we have today.

The computer -era is upon us. When I went through collegeI
graduated in 1966 from collegewe didn't have microprocessors.
I've had to piecemeal; on my own, take a course here, a course
there, whenever I could afford it, when time constraints allowed
me to afford it.

During the summer I. have to get &job: I have a family. I have a
child. We have a mortgage.-It would be nice just to have a scholar-
ship to go to American University or Maryland University, but the
scholarship doesn't pay* for my mortgage. It doesn't pay for our
clothing or the rest of our summer vacation,- as it's called. That'S
sort of a misnomer because my salary is b'ased on a 200-day' calen-
dar. If I miss a day I'm docked one two-hundredths of my pay, so,
I'm yet actually to get a paid vacation while teaching. That's, as _I
say, a misnomer. It's a misconception that people have A teacher's
salary is for the time that they are teaching. Trying to go to school
during the school year; trying to take classes at nightI have a
family, I also have to correct papers. I have to correct the papers. I
have to grade the_ papers. I have to evaluate the students and pre-
pare my next day's classesnext week's classes. These are things
that have to be addressed when we're talkiag about continuing
education for teachers and attracting people to the teaching profes-
sion. When someone coming out of school or someone who is cur-
rently in Hchool hears from the newspapers; the media; et cetera,
that teach= rs are generally the low-end of their class, that persons
that are er rolled in education courses are primary the lower levels
of the university student body, they're not real anxious to that
group. It's r it a nice thing to go into a grOup that's already labeled
as being the tummies.

In our work people continually ask me when I'm going to move
up to become a principal. That's a totally different branch of work;
its not teacl- 'ng; it's not educating students. You hear about a
principal whc moved back to the classroom. These are just attitu-
dinal image presentations that teachers live with every day. This
lack of recognition of the importance of our jobimage in gener-
alis what teachers are fighting.

Currentl3r one of the big proposals in northern Virginia is to go
back to, the closed campus. Well, the closed campus, in this day and
age, isia rather difficult thing to define since we have so many pro-
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grams for students who are Otit Side the actual building: What this
amounts to in essence, or at least their explanation for Why they
should do_ this is they really are trying to keep the schools as de-
tention centers for the people thot they. feel that are going to _be
out in the community shoplifting and_ &ling damage. These are
things that teachers wonder about: Here we're told we're suPpoSed
to be educating students and yet they want to put into Alie class-
roomthe courts in situations have complained to the school§ that
they've kept this young person from receiving an education when
that young perSon has just finished being involved in drug deal:
iiigs, in the school; and the school has suspended them indefinitely.
Well, a 3 -day suspension is the maximum and:they're back in
school. This tends to weigh down the teacher. It tends to weigh
down the of the school. It tends to keep uS--from per
forming our tasks at the optimum. There are many, many things
that I would like to be able; to say: There are many things that I
think can be done to improve the education of our schools of our
students.

There are a lot of problems that have to_be_addreSsed and it has
to start at the local leVel, I hope that some guidance from the
upper levels will begin here in this committee.

SenatorHArdk._ Thank you, Mr. Goffredi:
Miss Browny -Miss Iona Brown, is a math teacher at Paul Junior

High School, WaShington, D.C.

STATEMENT OF IONA BROWN, MATH TEACHER, PAUL JUNIOR
HIGH SCHOOL, WASHINGTON; D.C.

..1C4i§§ BitOWN..11"es, I have some students here from Paul Junior
High today::

Senator HATCH. We're happy to have you Paul Junior High stu-
dents with us.

Mi§§ BROWN. I have no formal statement. I be_gaii to prepare
something arfir\then I _read_the issue brief and found that most of
what I had said Was covered in that brief, so I don't have a formal
statement.

very much aware of the problems in math and science: I
think part of otir Problem in math and scienceunlike other
fieldsis that teachers are assigned very often to mathematics
simply because _they know how to add; subtract, multiply arid
divide. Currently in our school we're_short a math teacher and the
business teacheror a business teacherwas selected to assume
the role -Of a math teacher for the various math classes: A science
teacher had to be relieved of her responsibility because of a rediic=
tion in force; so a physical education teacher who had some science
courses was then assigned several general science classes.

I think this points out one of the_problems we're now having
with children not doing very well in math and science nationwide.
I am a product of havingreceivedthe National Science Foundation
grants for 3 years, and I'am a strong advocate of the pro_graiti that
they have I certainly think that in-service training would be one of
the thirigS that we heed to update math and science in our Schools..
Teachers definitely need the in-service training that the National .
Science Foundation could afford:
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Senator Fi Arm Thank you, Miss Brown.
Mrs. Mitchell is a- fifth grade teacher at the Rock Creek. Forest

Elementary School, Silver Spring, Md. We're happy to have you.
Mrs: _MITCHELL. Thank you. I'm happy to be here and I have

some of my fifth_graders here today.
:I did not prepare a formal statement; but I do have a few things

that I want to comment on. First of all I might say, I am pleased
with some of the new developing things that are going on in our
county, as far as curriculum for math and science goes. Our spe-
cialists have seemed to have identified and seen; as you do, that we
have a real need to imove math and science in our county.

The curriculum for math has been introduced to _my school just
last_year. We are given a whole new guide by which we teach. We
are given a whole new system by which we grade assess our stu-
dents. We- have math cards by which we keep a record of each
child's individual performance-I am very pleased with the way the
curriculum was written, and I think it is a very, very gad system.

I do have some concerns with thisI'm just going to share this
with y u because I want you to see that there are some positive
things oing on. But there are problems in ours in that there is a

dous amount of time involved in providing for the- curricu-
lum development and implementing the development into the
classroom with the day-to-day work.

The way that our system is set tip, within a year or two we
should be on a computerwe will one day have a math aide for
each school who will be involved in doing a lot of workassessing
workwith the children. It's paperwork that takes a lot of time If
you give the time to the paperwork the time is coming out of pre-
paring for other things. There is a good goal and I think once we
get there with our math curriculum it will be very good. The prob-
lem is that we're implementing a program right now, in my school,
that we're not really ready to do in complete form.

I'm seeing this also with science. We have a new curriculum that
has just been written. My school is not on the science system, but I
was able to get hold of the new guides and I read them. I'm very
pleased because of the expectations that have been changed for the
children. I'm happy to see that people have recognized, due to tele-
vision, due to whatever media; children have much more sophisti-
cated knowledge of science as they're "coming to school. I think we
were spending a lot of time teaching things that children really
knew-So there has -been an upgraded system there.

AS I read through the guide I was very excited as to what I will
be teaching _2 years from now. I will not implement it at this time
but my feeling,immediately was where will be the materials that I
will be teaching these concepts with I think that is my main con-
cern. There is a need somehowI don't know whether it's through
a Federal grant or at local- level by- the Stateassuring that teach-
ers do receive materials, an aide, things like this to help them im-
plement programs. Again referring back to math; I went to many
math 'workshops to help me understand this new curriculum
system and they were great. The workshops were very ting
and I learned many new ways to help children truly uncle nd

-fractions, truly understand decimals and things. When I go back to
my school I don't have the materials that they used at the work-
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shop; so there's a need for some kind of coordination between cur-
riculum and materials available. am sure there are at some
schools wonderful materials in boxes somewhere that teachers
have no knowledge how to use because they didn't go to the Work=
shop that I went to. There's a definite need for some sort of coordi-
nation.

I would also say that particularly in the areas of math and sci,
ence there are needs for aidesan extra_ person to be available: -I
can stand in front of a Classroom of 34 students and easily teach
language _skills and possibly social studies. When it comes to doing
math- and science need a true maaipu2ation of materials. You
have to have another person there_or you need to change your pro-
grain, if the children are to look at science as more-than a vocabu=
lary list, if they're going to get into analytical thinking: If you can
do science very well I think it's going to automatically carry over
to mathematics. Recently there was an article in the paper regard-
ing the problem that high schoolchildren are having with math
problems. Their computational skills are great but to do math
problems seems to be very difficult. I think if.we can improve sci-
ence and analytical thinking, comparing, inferring and predicting,
it's automatically going to carry over to problein solving.

One other .hin_g I wanted to refer to I know there are a lot of
thoughts on teacher grants and scholarships or Scholarships for col-
lege StUdentS who show an interest in getting into teaching who
have a background in science. I think that's_ very good. I do have
just_one thing I might mention about that I know the teacher field
is very closed as far as new graduates getting into the field. I might
SiiggeSt that a look be taken as far as giVing the scholarships and
grants to already employed- teachers, as much as possible; because
they are already in the system: They will therefore be able to share
their. skills with students. -I know-of young teachers who graduated
recently, science majors; who wanted to become teachers and took ..
education courses They cannot get a job because of the surplus and
things like this: There are people out who are available and who do
have skills_hut cannot be hired.

I think there's a real need to deal with what is in the school
system now.

Senator H-ATCH. Would you say there's another need too; and
that is that we need to train and retrain teachers?

Mrs: MITCHELL. Oh, verymuch so. Particularly in science I don't
know about math. I find that most teachers can open a math guide,
if they have to teach a new skill, and feel a little. bit comfortable
With it In science if a teacher doesn't have the skill I know many
teachers will not do anything more than use the book. If a teacher
brings out material; does an experiment and it_fails, the teacher is
often embarrassed and that is the end of science for the year.

Senator HATCH.1 see a lot of heads nodding favorably, to what
you've said there. Yes, go ahead. _

Miss BROWN; I might add something. Mrs. Mitch I mentioned
that there was an article recently which said the st ents arenot
doing verbal math problems_ well. I think part of e reason- chil-
dren don't do math problems well is that the tea ers don't know
how to teach math problems.

Senator HATCH; This retraining would help.
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Misa BROWN. Definitely. It's more than computation. I think the
problem with mathematics now is that eveubody thinks of it as ad-
dition, stibtraction, multiplication, and that's it: Children are doing
better now computationally, but they're not able to analyze be-
cause their teachers are not able to teach them how to analyze.

orator HATca. I appreciate those comments. Our last witness
here this irierning ib Mr. Clinton Brown; who iachairman, science
department; Richard Montgomery High S,:hopl, Rockville, Md.

Mr. BreiVii, we're.happy_to_hear what you Have to say.

STATEMENT OF CLINTON BROWN, CHAIRMAN, SCIENCE .DEPART-
MENT, RICHARD MONTGOMERY HIGH SCHOOL; ROCKVILLE,
MD.
Mr. BROWN: I thank you for the opportunity Of being here. This

is eiccitingtO me. I speak best when I have a piece of chalk in my
hand and a blackboard behind me, so if I stammer a little bit I ask
you to forgive me.

I read through the brief, which was quite interesting, going
through all the proposals in the HR. 1310: It was quite comprehen-
sive and it was as if someone-was standing behind me watching the
teaching and what has occurred in the school system for the past
10 or 15 years. It was good to _see how accurate it was As I went
&WEI through it there were a couple of factors that I would like to
speak to in a precautionary manner.

No. 1: The in- service programs have been mentioned and effec;
tive teaching really depends on three interrelated factors. One is
kneWledge in a subject area The second is teaching techniques.
Being able to communicate the knowledge which a teacher has
The third one is behavior management. If a teacher can't keep the
34 students in their seats all the techniques and all the knowledge
is not going to be helpful to those students. I see it as a threefold
teacher effectiveness.

The in-service program addresses, many times, the techniques
and behainer management but is weak-on the knowledge area. Col-
lege courses are very strong on knowledge area and miss the other
two. If we could find a common ground between those it would
probably address the issue better,

There was mention of loans and scholarships for students going
into science and math and.especially_teaching. A-paylibck time of
appreXiniately 3 years was mentioned' there. I would encourage
consideration for a longer period of paybEick time, possibly a year
Per_Year or even a year and -a half payback time for every year in
school: Mainly because it takes a long time to know whether you
can be a teacheran effective teacher. It would, take 4 or 5 years
forsomeone to develop the skills to teach correctly.

There was mention of new curricula packages, for science and
Math; During the late 1950's and the early 1 -960's- there -were sever-
al Very good curricula packages prt out The BSCS biology, the
yellow7blue-green, the chemical, the chemtudy approach,_ chemi-
cal bond approach; the PSS physics, the Harvard Project Physics;
all of those were excellent packages. Tremendous new materials on
the, market. A lot of money was made available to schools to pur-
chase material. Many-schools now have that sitting on the shelf b&

25-912 0-83---4
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cause of the conflict between the ideas it taught and what the SAT
tests and the college achievement tests measure: Those particular
packages are good on inquiry and discovery approach. It teaches
students how to think and how to analyze: Bow to get into an ex-
periment and find an answer. Then when they take a SAT test, it
asks for factual memorization. Students begin to- fall down in
scores. They were still being educated. They were still doing very
well-but they weren't being asked_the materiaLwhich-they-learned:-
We have-been-encotirged to teach to the SAT and to the college
achievement; as well as to the advance placement tests, which' are
much more factual memorization.

There was mention of joint stzffing between professional organi-
zationS and schools, which would be excellent; except that a person
extremely knowledgeable in physics or chemistry walking into a
school might be very weak in behavior Management techniques
and also teaching techniques and find it very frustrating to try to
teach a group of students, as well as a teacher walking into indus-
try needing training to do that particular job.

There was mention of industry allowing teachers jto increase
their skills either after school or summertime; as working part
time, and the industry bei ven a tax break orsome type of a
tak break because of that.

As was already mentioned on i.. panel, many teachers already
have a second job and they need it financial reasons. Unless the
job offered by industry paid the same fir. was as mentally challeng-
ing, I don't think the teachers would give up the good job they now
have to do the job with industry:

There was mention of teacher awards, which are very good and -

all teachers would like to be rewarded: Sometimes the award is
given to a teacher not because of classroom effectiveness, but be-
cause of time put into publication, community relations and being
visible to the community. That time, sometimes, is taken away
from the classroom. That teacher has not done as good a job possi-
bly as the teacher next to him, but the teacher next to him hasn't
published or been on community panels. -Then the teacher more
visible receives the award and it could have an opposite affect. The
teachers could teach less because they see a teacher not doing as
well rewarded.

was mention of high school science and math require-
ments being too lenient. I highly reinforce that I think in Mont-
gomery County; as well as the State, it only takes two credits of
Science to graduate from high school, and it can be any two credits..
I could take a credit Of horticulture, a, credit of environmental sci-
ence and graduate with an academic degreeand go on to college.
I would encourage some type of an increase in what is- .-equired,
and even what courses are required to graduate from high school
with an academic degree.

If all of these programs are successful, and we do increase sci-
ence and math training of teachers, we do increase students want-
ing to go into science and math teaching, we may find on the other
end we haven't solved the problem because we still have a great
disparity between industry and technological salaries and science
and math in high school. In the 14 years I've taught I've seen 3
excellent physics teachers leave the'school system: Two of those be-
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cause they were drawn away by salaries equal or better by indua.-
try, the other one is retiring this year at the age of 65: Two chemis-
try teachers- that had masters _degrees in chemistrY left for iridua=
try. All of the peoPle who replaced them were not trained in the
areas' that these teacherataught, and are now getting trained. As
soon as th0 are trained there's no stopping them from going on to
the better salary;

I appreciate the time rve had to speak.
Senator HATCH. Thank you. I think each of you has added a

great deal to this discussion here today;
Let me just ask one question to .those of you who wouid care to

respond. Is it your experience that the interests of both boys and
girl's in science and math is the same? Is there a marked.difference
and if so, why do you suppose there is? How can we get kith; inter=
ested in math and science in these modern times?.

Mr. GOFFREDI. I'd like to speak to that a little bit. Currently I
t k the emphaSis Where_ the acceptance by girls and boys of
taking- math courses., being in math courses, succeeding in math
anif\science courses, is much better than it has been I remember
when\ I first started teaching, frequently a girl would not want to
do that. well in a math or a science course because of a stigma at-
tached to it. It wasn't a feminine -type thing. I think now that's
Changed, at least to a good degreesome degree, so that women
are now going into_the sciences with much more enthusiasm than
they had before, and it's a much more accepted thing:

Senator HATCH. I was the coauthor, taong with Senator Kennedy;
of the (women and science program in the National Science Fourida=
tion. I really belieVe that we ought to be encouraging our young
women to get intb science a lot more. It's really al:dace where they
can make a tremendous mark. Today there is such a dearth of
young people who really are getting into science. There's a lack of
teachers in the field, \although you've indicated there may be some
who -could teach' if they were just given the opportunities, which
was interesting to me. I\ would like to know a little bit more about
that If you would care to write to the committee, we would love to
have whatever information or insights you can give us. We're findi,
ing across this Nation there is a lack of math and science teachers
as well as other technical personnel. I'm convinced ifyoura women
really want to make their murk in society today; the snkince field is
one of the best areas where they can, where we are working to
take down .a number of roadblocks to their career opportunities.
Part of that is also teachers. Teachers need to help young women
Undeittand that and, of course; at the same time they'll helP young
men too; because a lot of young people who have the capacity of
doing math and science work really don't go into it because they're
not encouraged. Or, they think it's toOtough, or they don't want to
put in the work; They don't realize that the rewards at the end of
the line are very, very good. I think we `need to have some educa-
tional process that helps young people to realize flow important
math and science really are to this society; \,

I'm sorry to have interrupted you. I was interested in those par-
ticular comments. I just wanted to _make that _point:

Mrs; HOWELL. I would like to add that as far as the elementary
level, I feel that it is both .boys and girls seem, to have the same
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interests, but it really depends upon the teacherher skill and her
ability to get the children excited in those areas. As mentioned
before, the teachers do need further training or upgrading of the-11%
own skills. It's /ery difficult for a teacher to get them excited or to
encourage children -if they themselves do not know the answers. I
do' ot feel that just being able to open a teacher's guide will all-OW
you to -do that They need td 'understand much more fully than just
the guide would allow therd tg,do.

Senator HATca; You would agree then with training and retrain-
ing of teachers?

Mrs; HOWELL. Definitely:
aceriator HATCH. Training_ that would enable them to become

more proficient at teaching math and science?
Mrs. HOWELL. Yes. I ,think that once the children are very, inter-

ested at elementary level, it will continue. Many Of them because
of the poor concepts they get in math and science at the elemen-
tary level when they go on to junior high and high school they
have lost the interest They may take the courses and with the big
gaps they have in their basic background they can't comprehend
what's presented at that higher level:-

Senator HATCH. Thank you.
Mr; Thayer; did you have a comment?
Mr. THAYER: Yes. ,At our school, Ballou High School, we have a

special program for science and mathematics; About one-fourth of
the school is in the program. It's a 2,000 student comprehensive
high school except for that group of 400, 9 through 12. We have
equal numbers of women and men, and women do pursue scientific
careers. I noticed today that Arthur Brooks and Maria Henderson
are here. They are leaders of our physics demonstratio_i team.
which demonstratespresents demonstrations to the community.
Here are two people who are what I Would call _natural teachers. I
find it discouraging to hear that someone who is trained and wants
to get into teaching; in a critical field; can't do it: I, myself; don't
want to really encourage someone I respect to to into a profession,
not widely revered; and where in many districts with 10 or 15
years of experience they may even experience layoffs. -

I would like to see if there's a way where someori4 like Arthur
and Maria could be encouraged to go into teaching. They won't
they'll become engineers. What will happen if we just retrain and
we don't have any fresh, exciting, enthusiastic, young _people
coming into teaching in critical fields? Is there any way of dealing
with that:situation?-

Snator HATCH. Well; we'll have to look into that.
Let me ask another question. This will be the last one I'll ask the

panel. Do you teachers feel, and do your friends and colleagues in
the profession feel, that you're getting sufficient support from par-
ents and from communities in the area of math and science? ,

Mr. GOFFREDI. We're getting a lot of questions about will,we ke
able- to handle it. In terms of support we're being asked: Can you
really teach our kids about computers? Can you really teach us
what we want? -

Senator HATCH. This is'what the parents are asking?
Mr; GOFFREDI; This is what the parents are asking; and very rea-

sonably they're asking that, because it's been mentioned that a
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person going through a university with knowledge in computers or
in science will very readily go toward where they canniake a SUM
cient Salary. The salary scale in Arlington is one of the high salary
scales in Virginia: The starting .salary is $14L000 for a firat -Var
teacher with a B.A1 After 15 years -of teaching; with a master's
degree, the salary scale stops at $29,0_00, which sounds reasonable,
but you're talking about _waiting 15 years to make $29,000. They
know very well from their friends and their contemporaries that
they can be making that much in 2 or 3 years in many-of the com,
puter areas. Right _now, that's a problem in us getting the teach-
ers fresh teachersas has been mentioned that are capable,.th'at
are well trained, -that are well prepared. It really does hinge on sal-
aries in that case:

Senator }Littn. Those -are very interesting- comments; Mrs
Mitchell; -we'll make you the last commentator this morning:

Mrs. MITCHELL. OK.. I just had to .comment in regards to parent
and community involvement. It was mentioned earlier that the
ediidatibri begins atjiiiipe, the community and things like This; I
would -Say just as regards my children, if anyone in my class does
not perform well in math, -they _take a report card home that does
not have a gocid grade, I will- definitely speak with the parents, but
if I did not they would come to me: But generally if a child does
poorly in science, that's just science, the parentS do not seem to be
concerned. I. don't know if science is looked -at as a career, and if

my child is not going to be a doctor or whatever, it's just not looked
at as reading and math; Reading and math are: the main concerns.:
For some reason science is just not looked Upon as-important as the
other subjects are; _ .

Senator HAtOn. Miss Brown, I could tellyoli wanted to say-sortie-
thing so we'll make you the last one. '

MiSa BitOWN. I wanted to just address thissthing a6btit Oarental
support. I think part of the problem that we have in mathematics
today has been caused by parental pressure and what is now popu-
ler. We were in a stage a new math, in quotes, at one time and
parents weren't able to understand what:their children were doing
They there was thiS back to basics cry, and as a result of children
doing only basics now we find anothet deficiencythey can't Ana=
brie and they Can't' do verbal. problems: I think we _have to take
with a_ grain of salt sometimes what parent.: want for their- chit=
dren. They don't always know what's_best.

Senator HATCH..This has been a tremendous panel._I really; ap-
preciate all of you taking your time-to be here; I really appreciate
all the young men and women who have attended today. They've
really, been tremendously well behaved and I commend all of you
as teachers for tfil-ii:tjob you are doing. The comments that you have
made have bee 'Very enlightening to us. -It's good to hear from
people who are right there in the front trenches meting these
problems day in and day out. These bills, we 'hope, will-be extreme -
1y important, and will result from the best possible thinking we
can get. _Ls _

YOUr testimony today has been not-only practical; but education-
al for us. Let's hope that we can fulfill some of the mandates that
you've given to us. .

Thank you so much for coming. We appreciate it.
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Our third panel consists of representatives from scientific soci-
' eties, which are impOrtant groups because it is their members who

are the working Scientists in indizsixy and universities and who are
responsible for America's preeminence in science. and the strength
of American industry.

Torribirow'S scientists and engineers will come from today's
grammar and high school students. Therefore, I believe that the
Scientific societies have a vital role in assisting the education of
these youths.

I welconie DM. Hogan, Parry, Flint, and Boehm; I very much
'welcome,theirviews on the- mportant issues before u.S.

Both Dr. Party and Dr. Boehm are from my home State of, Utah.
Dr. Joseph C. Hogan is dean emeritus; School Of Engineering; Uni7
vereits, of Notre Dame. He's here on- behalf of the National Society
of Professional Engineers and the National Society of Engineering
Education.

Dr. Robert Parry, is a distinguished .professor of chemistry, Uni-
versity of Utah. He s here on behalf of the Arnerican Chemical So-
ciety; .

Dr. Franklin Flint, chairman of the department of biology; Ran-
dolph-Macon Women's College, Lynchburg Va., is here on behalf of
the American Institute for Biological Sciences.

Dr. Robert F. Boehin is chairman of the department of mechani-
Cal and industrial engineering at theJJniversity of Utah. He's here
on behalf of the American Society of Mechanical Engineers.

These societies know how to put the_pressure on me m having
my fellow Utahans here to be with us. We're happy to .welcome all
four of you here today.

I hate a problem. I have a chairriaen'S meeting at 12 o'clock. I
may have to submit written questions to all of you; but I'd still like
you to summarize yOur statements as best you can. That will give
me 2 or 3 minutes to get over to that chairman's meeting. It was a
quickly called meeting but I better be there.

Shall we start with you; Dr Hogan?

STATEMENT; OK DR. JOSEPH C. HOGAN, DEAN EMERITUS,
SCHOOL OF ENGINEERING, UNIVERSITY OF NOTRE DAME;
SOUTH BEND; IND.; ON BEHALF OF THE NATIONAL SOCIETY OF
PROFESSIONAL ENGINEERS AND THE NATIONAL SOCIETY FOR
ENGINEERING EDUCATION
Dr HOGAN. Thank you. I'm very happy to/he hereLSenator

Hatch. I'm here on behalf of the National Society for Professional
Engineers.

Senator HATCH. We will put all of your statements in the record
as though fully delivered.

Dr. HOCAN. I'm here on- behalf of the NSPE and the American
Society of EngineeringEngineering Education. We very much
support your efforts, on the precollege science and math program.
Dr Knapp earlier talked about a continuum of education. That,

Of our principal concerns; that we not only worry about- the .
math and science precollege education, but also what happens to
these students as they come out with an increased interest in sCi-
ence, in mathematics and hence have a capability for engineering

54
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education. We have a problem. that exists right now and that is the
capacity of engineering schools throughout the Nation is already
exceeded. .

We have an 6rigrit166tirig faculty shortage that is well document-
ed by reports and in the formal part of the report. -We have teach-
ing loads that have been greatly increased. Phi has caused time
pressures on facuLy in that they've been unable to do research
that is needed. We have graduate assistants and adjtinct faculty
teaching. We've had conditions where courses have been canceled.
All of _these indicate that the quality of engineering education has
been greatly diminished in recent times in the past few years be-
cause' of this great overburdening of the engineering educational
system.

At the preSent time we have about 18,000 engineering education
teaching positions and about 1,600 of these are' open;_ unable' to be
filled. That does not restore us to the 19about 10 years agothe
late 1960's student-facult2r--ratios. If we were to do that we would
need about' 2:4000 faculty members, or 5,000 additional positions.

So we believe that the Federal initiative should lcv.erage private
sector and other hon-Fed-eral support to help the engineer schools
sustain themselves.

We particularly think an example such as the title II of _I-1.11
1310 are essential -type programs and we urge that this type of pro-
gram be included in your actions.

The problems that exists right now are: 80 percent_ of the eng-i-
neering colleges are limiting_ enrollment, they raised the admis-
sions standar ; eliminated transfers from other disciPlines and
other college , and established numerics,' cutoff points for size of
entering clan s.

We very concerned about the effects this has on minorities:
We in e-ngkri6ering education have made great efforts to increase
the number of minorities and the number of women entering engi-
neering education. W are concerned about the limiting of enroll-
ments effect upon minorities

We also have a second part affecting quality, That is the-deterio-
rating instructional equipment and facilities. An NSPE study -indi-
cated that the average lab inventory has dropped from .$5.8_ million-
in 1971 to about $0.9 million for each individual school. We have
lost great ground in the last 10_ years. Based on some 250 schools,
the need right now is for $1.2 billion. I would like, for the record, to
have that corrected because the statement indidates $1.2 million.

Senator HATCH. Without objection.
Dr. HOOAN. It should\ be $1:2 billion and that's for 1971. We look

at 1981 enrollments and we have a $2.2 million program: This
sounds like a-pretty horrendous problem; and it is; but I point out
that it's about $400 per full time equivalent school student per
year, or about $2,000 per B.S. degree award.

We _do support cooperative ventures. AS I _pointed out on the fac-
tilty Shortage project, we've had 11 industries sponsor this On our'\
minorities efforts we've had great participation on behalf of the
government and industry, and other sectors. _

We do strongly support your precollege effortS and again urge
that something such as title II of 1-1.R: 1310 be included.
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We've had great pride in our graduates. They have put a man on
the Moon and brought us into the computer age. We're losing that
pride as we worry about the quality of what we are doing. We
would appreciate your help.

Thank you.
[The prepared statement of Dr. Hogan followsl
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Mr. Chairman, Membera of the Committee; I appreciate having the

opportunity to comment on Math andSCience education. I am Joseph C. Hogan,

Dean Emeritus cfErigineetihg at Notre Dame University. I am here on behalf

of the National Sc;Clety of Professional Engineers (NSPE) and the American

Society far Engineering Education (ASEE), which I currently EieVe AS Presi-

dent. NSPE represents over 80,000 membe's nationwide, including engineers

In government, private practice, industry and con fruCtion as well as in

education. The education division includes over 3,000 engineering faculty

and deans from all engineering disciplines.

ASEE has an individhal membership of approximately 10.000 prim-

arily engineering college and faculty members, plus an institutional mem-

bership composed Of the engineering colleges of the nation, a large frac-

tion of the Majer Corporations which are the prime employers of engineers,

government agencies which are heavy users of engineering'diatip6Wer; and the

Major engineering professional societies.
.

We in the engineering education community share your concern about

the current state of precn/lege machematica and science education. While we

commend the Committee for developing
Iegis/ation to solve those problems. we

are greatly concerned that in the current rush to address precollege issues.

the related and equally critical problems facing engineering education May

be cryerlookod. If 'the nation is to truly improve its scientific and teCh-

nological capabilities; we must look at the full education spectrum; not just"

the opening to the pipeline.

Engineering is the application of scientific; mathematical and

"technical knowledge. The current well - documented crisis in engineering

education is clearly limiting theabiIity of our'colleges and universities

to provide our future engineers With a quality education. In today's cli-

mate of rapidly growing teChnital
sophistication and increasing competition

for world technology markets, we simply cannot afford to produce engineers

at less thah the optimum quality and quantity level demanded bythe United

StdteS' position of world technological leadership. a nation,,we must.

recognize and address the severity of the engineering faculty shortage*,

the extent of obsolete and inadequate instructional engineering equipment

as well-as the shortage of secondary school math and science teachers.

Improving the mathematics and science literacy of our youth will have limi-

ted impact on the economy unless we focus on the entire prob/em.

*President Reagah at EPCOT on March 8, 1983.
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Before turning to the Committee's bill, S.706, .I would like to

describe, in detail, the engineering education problems referred to above.

The two--most fundamental weaknesses in the system are a critical faculty

shortage a..1 ilI-equipped laboratories and facilities. Limitations on

these essential resources haiie major and adverse effects on the quality

of education schools can provide.

To better define the problem and develop solutions; ASEE; the

American Association of Engineering Societies and eleven major corporations

have sponsored the Engineering College Faculty Shortage Project (ECFSP).

ECFSP data indicate that there is indeed a critical shortage which needs

immediate attention. The vacancy rate for the entry level assistant engi-

neering professor is approaching 25 percent,"with 56 percent of those open-

ings having remained unfilled for more than one year. A typical university

has not received one application for a qualified U.S. citizen during a re-

cent

,..

three-month search period.

These unfilled positions are certainly cause for alarm but they

do not begin to describe Cie condition of overload of engineering college

faculty members. An ECFSP survey based on data tabulated in the fall of

1981 and.reported out in November 1982 showed that 120 schools (about one

half of those in the United States with accredited programs in engineering)

responded that it was clear that teachingIoads had increased dramatically.

For example, 71 percent of the deans reported that their schools

had been affected by the need to increase teaching loads on the existing

faculty. Furthermore, 32.5 percent reported a measurable reduction in

faculty research -- a key ingredient in keeping faculty au courant. In

addition, 72 percent said the. - faculty was placing greater reliance on grad-

uate teaching assistants or part-time faculty. It must be pointed out that

with graduate school enrollments at an all-time low, there are precious few

graduate teaching assistants to draw upon for support. Thiel directly af-

fects the grading of homework and examinations and laboratory course super-

vision and is a major contributor to the re'ently reported* decrease in

quality of engineering education_ Perhaps even more significant is the

fact that 48 percent reported cancellation of cataloged courses in certain_

subjects pertaining to engineering education. This could mean students

are deprived; in some instances; of basic courses and certain electives

which have been ofiered in the paSt. All four of thdse issues document a

critical situation relating to faculty overload.

*11/7/82: "The Quality of Engineering Education", NASULGC



One of the most clear.. indications is the relationship of numbers
. _

Of i-tddentt to faculty. As the attached graph shows, facurty size has net

increased anywhere near the rate of enrollment growth over the laat decade.

Reducing the current student/faculty ratio to that Of the ite 1960's: (a

time of full workload and quality instruction) ShOWS that the number of

faculty positions required for a teaching load consistent with that of the

1968-69 academic year is not the 18;000 now available but 23,092. There-

fore, an additional 5,092 engineering faculty members are needed now to pro-

vide quality educatien:

/n .4teti percent sample survey late last fall, 28 deans responded

that tl percent of their schools were using part-time teachers to alleviate

the Overload; 68 percent were using adjunct faculty frod industry; govern-

ment and other sources, and 63 percent were using foreign nationals who may

have limited abilities in the classroolii:

While these interim measures are both necessary and useful, they

will not solve the problem of recruiting and retaining qualified engineer-

ing faculty over the long term. Federal initiatIves-which:leverage'private

sector and the non- Federal support would-greatly- enhance the ability Of

engineering schools to sustain themselves. Programs such as Title II of

the recently passed H.R.1310 are essential. I sincerely urge the Committee

to include such a program in its legislation.

One of greatest concerns over the Cottitr,:e's approach to focus

primarily on precollege educatien relates to enrollments. If, as we all

hope, young people are to become more excited and knowledgeable about

science, engineeringand technology; it is reasonable to assume the demand

for an engineering education will grow. This is particularly likely since

while the demand for engineering graduates does fluctuate, it will Surely

remain high in the future as we secs. solutionsto)Oajet societal problems,

alI Of which have an increasingly large teChneIegidal component.

Engineering schools simply de not have the resources to accommo-

date greater timbers of students,eat WiI1 they in the future unless sub-

stantial stepS are taken now. Referring again to the attached graph, with

an III percent growthinentalments over the last decade, engineering fac-

ulty has increased only II percent.I have already described the resulting

problems. Data indicate that over 80 percent of the .nation's engineering

schaela are limiting enrollments in an attempt to balance resources with

students. Just two weeks ago this issue was consideted At the 20th Annual

Deans Institute of the ASEE. When over 140 deanS ftoni a cross-section of

schools and locations were asked the question of Whether enrollments were
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being curtailed in some fashion, nearly every hand in the roam went up. The

following measures are being adopted to either hold constant or reduce en-

raise admissions standard for entering freshmen

' eliminate admissions by transfer from other discplines and

other institutions

establish numerical cut-off point for size of entering class

Already many qualified youngsters are being turned away. A

recent report on the quality of, engineering education issued by the

National Association of State Universities and Land Grand Colleges (NASULC)

recamended that Each school should realistically assess its resource

-base, and the enrollment level which that base can sustain in producing a

high quality educational experience. Schools should make every effort to

keep enrollments and resources in balance."

Instructional equipment and facilities are inadequate, both in

terms of number and function. Comilients by the Accreditation Board for

Engineering and jechnoIogy (ABET) officials indicate that nearly half of

accreditation actions in recent years can be traced to the deteriorating

condition of engineering laboratories.

A studYconducted last fall by the National Society of Profea-

simnel Engineers reveals that the average laboratory equipment inventory

per school declined from $5.8 million to less than $0.9 million during the

period 1971-81. Based on 250 schools with one or more accredited programs,

this leads to the conclusion that the coat of modernizing engineering lab-

oratories (at the 1971 level of enrollment) will cost $1.2 million. If

one considers the difference in enrollments of Full Time Equivalent (FTE)

students between 1981 and 1971 this figure increases to $2.2 Million.

Considering the life span of 10 years used in this study, expend-

itures per school for laboratory equipment should have been at the level

of about $600,000 annually., Actual expenditures during the decade averaged

$153,000 per school per year.

While this r,2.2 million shortfall appears on the surface to be

a_ staggering sum, an expenditure for labOratory equipment of about $400/

FTE student annually or of $2,000/BS degree awarded could have prevented

this decline in laboratory quality. The investment required to bring engi-

neering indstructional laboratories up to date with state-of-the-art equip-

ment should become a prime national priority. The Federal Government should

both provide leadership and serve as a catalyst to generate non-Federal



resources through matching grants administered in the National Science

Foundation and through appropriate tax mechanisms.

With reg-rd to the Committee's, proposed legislation, I recognize

.

and appreciate the importance of the initiatives you have proposed for

precollege education. The need is so great, however, that / respectfully

suggest that '(1) it does not go far enough -- $250 Milliee may be spread

to thin to have a substantial impact and (2) the ability to-leverage

private sector and state support is not fully utilied. I do understand

that the Committee is considering cooperative program between private

sector, local educational agencies, states and schools, and I strongly

support such a program. The engineering community would welcome the oppor-

tunity to participate in precollege education programs.

For example, engineers have been involved in .a Texas Instruments

program of math motivation for remedial students in TexasischonIs systems.

Over 100 industry employees are sharing their enthusiasm for math; technol-

ogy and science with young people through the program. Those who work

directly with science, technology and math -- engineers-- are often'able

to make these subjects relevant and exciting for otherwise unmotivated

young people.

The Junior Engineering Technical Society (JETS) programs (over

425 engineering, technology and science clubs in 34 stat=e at high schools

with over 8,500 student members) new 33 years old, serve to draw attention

to the national need. Cooperativeprogramsinitiated at the Federal level

can serve the important function. of generating community-based partnerships

between education, government and industry that are essential to long term

solutions of the problems we are discussing here today.

In Mammary. I would like to comment the Committee for the fine

efforts you are making to address theproblems of inadequate math and

science education, and reiterate the importance of including a matching

grant program for engineering faculty recruitment and retention; and

instructional equipMent. Title II of H.R.1310 serves as an excellent

example.

Thank you very much. I will be pleased to respond to any

questions. I would also like to share with you a document develope

cooperatively by the education and engineering communities which more

precisely defines the elements we believe are essential to effective

legislation in this area, many of which are included in your bill.
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ESSENTIAL ELEMENTS OF SCIENCE, MATH AND ENCINEERINd EMICATION,LECISLATION

-- A consensus view

The currently acknowledged crisir in engineering, mathematics, science,

and technology related education is achreat to our economie ProdOetivitY_and

military security. If we are to maintain our position in the international
arena, then We must begin to take positive steps to reverse this decline in

scientific and engineering learning and education.

The 98th Congress has -an important opportunity for:auch_POsitive_actinns;
Recently the House; oiieewhesahgly and by a bipartisan "Vot, approved H.R. 1310,
EMergerity_Mathematics and Science Education Assistance Act. We applaud this-move

as a positive first step in addressing the current educational crisis._ The Senate

will soon begin to consider numerous legislative proposals Of its Own in this

important area.

A broad group of organizations representing diverse elementary, secondary

and higher education as well as private sector constituencies have been_meeting

over the last few Months to consider the_apProPriate roles of the Federal governme.tt

and -the private_sector in meeting the pressing problems in math, science and

engineering education'. In our view, it is clear that the components outlined
below are essential to an effective legislative solution to these problems.

At the National Science Foundation we urge the establishment of programs to:

, expand engineering and physical science fellowships, traineeships,
research incentive awards and facility awards for'summer study.

upgrade undergraduate instructional equipment and its utilization;
upgrade and improvelhstructional programa and materials, in engineering

mathematics, science and technology at _

.-leverage state acid private sector resources through matching grants

to achieve these purposes.

At- the Ds;artment of Education we endorse programs tO:

retrain preColIege_teachers in effective instructional skills

and subStantive knowledge;
.
support summer institutes and workshops for teacher training
initiatives aimed at improving mathematica, science and technology

education;
artengthen and imProve the contributions of education research

and development; and
. provide student assistance to attract qualified persons to be
mathematics and science teachers.

We urge the Senate to adopt legislation that will contain these elements__
In this way positive first steps will be taken to reverse -the serious declinethat

is currently threatening our econonlc_and_military security. We recognize the

necessity for immediate action to deal with 'the most critical problems and acknow,

ledge_that mare long range and comprehensive solutions will be-necessary. We feel_

that the elements proposed above can be funded for less -than $500 MilIioni_which is

.:oncistent with the reality of current budgetary deaditionai_and_will_provide_m_._
:Asortant step toward leng,fern Solution of the critical Problems currently facing

al, science and engineering education.

Ai'tached is a list of the organizations that endorse the principles outlined.

6 4
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AMERICAN ASSOCIATION OF COLLEGES FOR TEACHER EDUCATION

AMERICAN ASSOCIATION OF COMMUNITY AND JUNIOR COLLEGES

AMERICAN ASSOCIATION OF SCHOOL ADMINISTRATORS

10T RICAN ASSOCIATION OF STATE COLLEGES :ND UNIVERSITIES

AMERICAN ASSOCIATION OF UNIVERSITY PROFESSORS

AMERICAN COUNCIL ON EDUCATION

AMERICAN EDUCATIONAL RESEARCH ASSOCIATION

AMERICAA FEDERATION OF TEACHERS

AMERIC4N PERSONNEL AND GUIDANCE ASSOCIATION

AMERICAN SOCIETY FOR ENGINEERING EDUCATION

AMERICAN SOCIETY OF MECHANICAL ENGINEERS

COUNCIL OF CHIEF STATE SCHOOL OFFICERS

COUNCIL OF GRADUATE SCHOOLS IN THE UNITED STATES

COUNCIL OF.GREAT CITY SCHOOLS
\

INTERNATIONAL READING ASSOCIATION

NATIONAL ASSOCIATION OF ELEMENTARY SCHOOL PRINCIPALS

NATIONAL ASSOCIATION OF INDEPENDENT COLLEGES AND UNIVERSITIES

NATIONAL ASSOCIATION OF STATE BOARDS OF EDUCATION

NATIONAL ASSOCIATION OF STATE UNIVERSITIES AND LAND-GRANT COLLEGES

NATIONAL CONGRESS OF PARENTS AND TEACHERS - NATIONAL PTA

NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS

NAIZONAL EDUCATION ASSOCIATION

NATIONAL SCHOOL BOARDS ASSOCIATION

NATIONAL SOCIETY OF PROFESSIONAL ENGINEERS

NEW ':ORK STATE EDUCATION DEPARTMENT

STATE n7 WASHINGTON DEPARTMENT OF EDUCATION

25-012 0- - -5
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Senator avrcn. Thank you, Dr. Hogan.
Dr: Parry. .

STATEMENT OF DR. ROBERT W. PARRY, DISTINGUISHED PROFES-
SOR OF CHEMISTRY; UNIVERSITY OF UTAH; SALT: LAKE CITY,
UTAH
Dr. PARRY. Senator Hatch, because of your time constraints I'll:

abstract my statement.
Thank you' for this opportunity to present ltbc views of the

American \Chemical Society on science and mathematics education.
This is a complex and important topic as you are well aware._Since
June_of lastyear, the National Science Board Gammittee on Precol-
lege Education in Mathematics and Science has beoz: reviewing the
issues involved. My participatipn as a member of that Commission
has convinced me of the complexity,pf the problem and of the need
to offer support to teachers. Quality precollege education' is now
available at some places hi the United States. We are not educe-

_ tionally bankrupt, as Mrs. Mitchell noted. The task before us today
is to make quality education available to all. I and many of my col-
leagues in the American Chemical Society are convinced that well.
trained, strongly motivated. dedicated teachers; freed from deaden-
ing administrative ro ." major role in future educa-
tional success. The Ir. Louis Goffredi add support for
this premise.

Because the precoi: problems have reached crisis
proportions nationWid :7,...-ueral initiative is needed today.
The American Cl: -;huports immediate action by
Federal Govern:, :neason-e, but W" aro. even
more concerned w:+-.1-1 ti: -c.lopment of fopg-range, focueeo Fed-
eral policy that make gency -111atior, unnecessary in
the future. We are roc .Once( that central to this policy must be a
firm commitment ly society to make -the teach:;ng profession more
attractive, both in terms of remuneration and social prestige.

Because of time constraints, my oral presentation today will
focus on precollege education; but our written testimony also
covers some aspects of the very important undergraduate and grad-
uate programs in our Nations colleges and universities. These criti-
cal areas must not be forgotten in our concern over precollege/pro-
grams. Here is a very brief summary of our views- precollege-
education.

The American Chemical Society believes that the very firs_
eral priority at this time should be to help current science and
mathematics teachers in secondary schoolsupgrade their subject
matter< eompetence. We believe that this is best accomplished
through. summer and inservice institutes comparable to the ,very
successful institutes sponsored earlier by the National Science
Foundation. As the statement of Mr. John Thayer indicated this
morning, there is a widespread feeling in both the educational and
scientific communities that these NSF institutes rankcd among the
m'st successful in the Nations' educational efforts: \

We believe that similar institutes should be established immedi-
ately and that responsibility for all phases of administration should
be assigned to the NSF. In our judgrn. ent,this agency is uniquely
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qualified to unite educators with professional research scientists.
Cooperation of educational professionals and professionals in sci-
ence and mathematics is absolutely essential to the success of
future programs.

We recommend that the Department Of Education should assume
the responsibility for inservice programs in local education agen-
cies, particularly for those very important programs associated
with primary and junior high. schools. The subject matter for such
institutes should be developed jointly by teachers, professionals in
science and mathematics; and by the local institutions which they
represent, Because of existing ties between LEA's and the Depart-
ment of Education, the Department is best qualified to administer
these programs.

The ACS places highest priority .,on the retraining of current
teachers and upon efforts to improve the image of-the profession.
We believe, therefore, that funds should not be made available to
support awards for teaching excellence or for the training of _future
teachers until ample provisions are made for the training-of exist-
ing teachers and for a careful review and upgrading of curricula as
needed. Mr.. Clinton Brown highlighted problems of selection of
award recipients,

The Society recommends that the scholarships proposed by the
administration should go first to teachers already teaching in sci-
ence and mathematics so that they may improve their professional
skills and become more directly involved in the ongoing research
and education in the discipline. The next category of recipients
should be those people who have disciplinary expertise, but who
are not certified to teach. We do not believe that a scholarship pro:
gram for future teachers represents an optimal use of funds at this
time. First; the level of funding now under consideration- does not
appear to be adequate to support both the training of existing
teachers and the training of new teachers. We are convinced that
efforts to upgrade the profesSion of teaching will do more to attract
top quality new teachers than will scholarship help for those al-
ready in college. Further, it is not clear that a good mechanism
now exists to insure that scholarship recipients will commit ti ,n-
selves- enthusiastically to teaching careers.

A review of existing curricula and the development of new our-
ricula; as needed; should be carried out through NSF programs. On
the other hand, funds to purchase finished 'products should be
made available- Co local educatio.nal agencies through the Depart-
ment of Education. We further believe that the Department should
administer any block or formula grants which are to- be created.

We are aware that the committee is interested in the develop-
ment of consortia to attack educational problems. We endorse such
an approach. However, -we believe that matching fund require-
ments, proposed in some versions of suggested legislation, should
be limited to addressing second-line problems. For example, it
would be unwise to count on large sums of money from the private
sector as a requirement for programs to upgrade the subject matter
competence ofjnany, of todays teachers. This is a public responsibil-

.§ ity. If legislation authorizing.consortia is put in place, we urge that
professional societies be included in the list of bodies eligible to
participate. Our members have much to offer.

6?
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Because of our interest in the involVement of industry in aid to
education, we recently canvassed_ the top 50 chemical producers in
the country. We are encouraged with the results. The current atti-
tude of company officials strongly suggests_ that industry will re-
spond positively to requests for more help. However, the extent of
contributions, either financial or inkind, Will depend greatly on the
pace of economic recovery. At best, contributions will be small. in
relation to the size of the problem ahead. A large Federal commit-
ment is ecssary.

The American Chemical Society notes that there is a contribu-
tion to be made by the NSF and the Department of Education.
Both agencies bring special expertise to the problems facing us.
The 'society recommends . that a coordination function be estab-
liShed in the Office of Science and Technology Policy. Annual re-
ports of this office to the President and the Congress would then
include a section on the coordination of Federal activities in sci-
ence and mathematics education; and the diviSions of responsibility
could be objectively reviewed.

Finally, the ACS has a number of activities aimed at supporting
`precollege teachers. We are happy to cooperate with - todays teach-
ers_ in providing support through many programs. The American'
Chemical .Society is currently marshaling the human resources of
the American chemical industry in an effort to assuage todays
problems in science education. In our judgment_technical skills can
be more irriportant than money.. A new ACS program operates on
this premise. 1

Thank you Mr. Chairman. I will be happy0t6 respond to any
questions which you or members of the committee would care to
direct to me.

[The prepared statement of IV Parry and responses to questions
asked follows:]
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- Mr. Chairman and members of the Committee on Labor and Human Resources,

the American Chemical SocietyL(ACS) welcomes this opportunity to 'present its

views on science and mathematics educ tion. The Society is a congressionally

chartered non-profit scientific and educatOnal association with a membership

of more than 127,000 chemists and chemical engineers. Our membership includes

eduCators and researchers at colteges--an-d universities, scientists and enqi-

neers 'in government and industry, and some high school teachers and adminis-i

tratOrS.

Current attempts to develop legislative remedies for the shortage of I

adequately trained science and math teachers at the precollege level and the

shortage of certain Leaching resources are complex processes taking into

consideration a great number of factors. As a result, a great number Of,bills

have been introduced in the Senate. Our understanding is that there are now

two major measu-es before your committee. One is associated with Senator

Stafford and the Sub:ommittee on Education; Arts and Humanities which tie

chairs. Mr; Chairman; we understand you are introducing the other bill on

- April 15.

In the Stafford bill, Which is a revised ver,inn of almo,tall

programs require matching funds. A broad array of activities can be f unded

with the $400 million in the bill, and for a state to receive any of t\ is

money; it must submit what are essentially plans for raising matching unds

1
and spending the_aggregate funds. In contrast,'we understand the appro ch in

Senator Hatch's bill t to target the smaller sums authorized by Ltmitin the _

activities that can be supported.
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Given this,situation, it is lie view of the American Chemical Society that

we can belt help by setting forth in this testimony what we believe to be the

necessary elements 'of-a comprehensive federal-effort in science ...rid mathe-

matics education. In addition, the Society has developed general comments

based upon what we know of the provisions contained in the two major bills

being considered in your committee. We intend to supplement -this testimony

with specific comments after we have an opportunity to review the texts of

these bills.,

This testimony will also highlinhtthe role the American Chemical Sc.-iety

has been olzfing in chemistry education. We have greatly increased our

effort-. in th 1 areo the past five years, partly ri-..ponse to the

.remendous need i r support expressed by precollegechemistry and physical

cieric ,4?eJiers throughbut the country. The activities of the chemical

1.-.Co.ti-y 1.1 this area will also be eeviewed;

The Society is convinced that the current nationwide situation in the

teaching of science and mathematics to precollege students has reached crisis

proportions, and that a strong federal initiative is needed. Not only are

more science and mathematics teachers needed, but there is also a need fOr

improving quality--bOth ip teaching and in the learning experience in our

schools; The feder'al rola should be to create the climate and provide the

critical resources for initiating a sustained long-term national commitment to

bring quality science and mathematics instruction to all the young people of

this country: This instruction is essential if the nation is to meet its

future r!alpower demands, and if cur young people are to find meaningtul

employment in our increasingly technological society.



While the Society supports immediate action to aaaress the many problems

in precollege science and mathematics education, we must stress the importance

of developing a long-r'ange, focused federal policy that will make emergency

legislation, such as the many initiatives now before the Senate; unnecessary

in the future. This country -has faced a crisis in science and mathematics

education before; and we will do so again and again unless, this time, long-

term solutions to the problems facing us today are implemented. For example,

the teaching profession at the precollege level needs to be made more attrac-

tive than it is now, both in tern ' remuneration And social prestige. This

is a fundamental problem nc --Iressed in the current debate;

Roles of Governments and Other Institutions
in Science and Mathematics Education--

...The Society has developed the following fifteen principles concerning

involvement of governments and other institutions- in Science, mathematics, and

engineering education from the precollege through poSt-grAduate years.

The federal government should play a major role in: (a) precollege

educa,'0 (b) higher education including graduate research; and (c)

educational research, analysis, and information brokering.

`2. There is a contribution to be made both by the National Science

Foundation and the'bepartment of Education. The resources of both

agencies should be fully utilized to mount a concerted and coordinated

-effort to Sol-Ve the current 07-oblems in science and mathematics educa-

tion. The Society recommends that a coordinat', - nction be established
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at the federal level; It should reside in the Office of Science and

Technology Policy; and the annual reports on science arid technology

polity to the President and the. Congress should include a section on the

coordination of federal activities in science and mathematics education.

Cooperative programminTefforts should be fostered to the greatest extent

possible among the National Science Foundation, the Department of Educa-

tion, local andstate educational bodies, colleges and universities,

business and industry; professional associations, non-profit community

organizations, and parents. The Society is especially concerned that
.

mechanisms be established to ensure that research scientists from academe

and industry work together with the education community in full partner-

ship;

The Society strongly endorses the establishment of state commissions nr

excellence in ma'&,mtics and science education. These are important

mechanisms for establishing working partnerships between scientists,

mathematicians, and educators at the state level. Such commissions are

Particularly needed in legislative schemes which allow states to deter-

mine how formula funds are to be used. Commissions must be given a

significant role in these decisions. Scientists and mathematicians

engaged in research'and education, and precollege science and mathematics
.

teachers should have seats on such commissions. COnferences of state

commissions should be held periodically tr exchange information;

4. At the precollege level, the federal role should be to provide funds tn

allow current teachers to upgrade their subject matter competence; help

ensure that new teachers' subject matter knowledge meets the standards
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necessary for certification in each state for full-time teachett in the

particular subject; and sponsor the development of instructional mate-

rials relevant to the needs of all students. Subject matter specialists

should assume a major role and responsibility for (a) educational

_.-

programs at the fedetal, state; and local levels to provide for profes-

sional growth of science teachers; and (b) (k,,elopment of science and

mathematics curricula.

While the Soc' y supports upgradihg the 6ubjett tatter knowledge of

science and mathematics teacherS to the highest current standards

established in each state fdt Certification; in many states the subject

matter competence required for such certification is deplorably low.

Therebte, the Society recommends that states be encouraged to raise

their certification requirements for :-oth full-time and part-time science

and mathematics teachers. A number of scientific and math6Matical socie-

ties; including the ACS, have published guidelines for the training and

continuing education of prec011ege science and mathematics teachers. The

level of subject matter competence recommended by these soc:7Aies should

be the Minimum standard required of teachers.

6 Federal support should be provided to help colleget and universities

update and replace obsolete instrumentation for both research and

instructional purposes. The need for assistance with instrumentation

purchases is especially critical for the two- and four-fear colleges,

many of Whith are now Unable to provide students with the "hands-bh"

experience necessary to their training as future teachers andibt

Scientists; The National Science Foundation should prOVide such

4--

assistance to two- and four-year colleges.

7
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7. Federal support should also be available to he colleges and universi-

ties keep their curricula and faculty up-to-dec. At present; few

faculty are able to find the time for either improving their curricula;

or for personal professional growth. The availability of federal grants

COMbining both research and instructional components would make it easier

tor faculty to devote more time to-improving instructional quality at the

college level.

8. Federal support of post-secondary education shdiild include special

funding to support undergraduate research in science and mathematics at

public and private four-year institutions, as well as at the Ph.D.-

granting universities; Undergraduate institutions have played critical

roles in our national science effort; Between 1920 and 1980; 45% Of the

doctorate degrees awarded in chemistry went to persons who obtained their

baccalaureate degrees from four-year institutions. Further; 32% of

graduate chemistry faculty members earned their first degrees at four-

year institutions. A drop in the number of good students entering

graduate schools seems inevitable if funds are not made available to

support programs at undergraduate colleges.

Exterrial review panels composed of knowledgeable scientists and mathe-

maticians should be convened. regularly to assess programs at both the

precollege and college levels, and to recommend their modification,;

continuation, or termination as appropriate.
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10. The federal government should develop
programs that include incentives

for a local commitment to solving problems in science and- mathematics

education: For instance; requiring that certain federal funds be matched

by non-federal funds will necessarily being into play more institutions

at the state and local levelS. The general public; especially parents,

as well as public and private institutions at both the state and,local

levels must all be inclUded in any campaign to improve the.quality Of

precollege education in science and mathematics. This is espedially

important if society is to fashion.long-term
strategies for the support

Of science and mathematics education.

11. The resources of scientifit and mathematical societies should not be

overlooked. These organizations; including the ACS, constitute an

enormous pool of talents and expertise that should be tapped for curric-;

ulUt development projects; for upgrading the educatiOn of precollege

science and mathematics teachers, fer
general assistance in providing

quality education programs, and for programs to increase the participa-

tion of women and minorities in scientific and tech-llogical carcars.

Most of these societies have education divisions that would welcome the

Opportunity to help solve our current problems in science and -1thematics

edUCation; Many also have local units that would bevilling to assist

school authorities in develor , teacher training programs, or

Provide assistance in other activities.

12. AnY fM6es1 prOgram that distributes funds to states on a formul: basis

should permit the greatest possible flexibility in the allocation

fundt WiNin-eath-spte:-Iiven-current financial-- resources; however,
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these monies should be targeted to specific types of programs. For

example, at.the precollege level the first priority should be to retrain

currently-employed science and mathematics teachers to meet state stan-

dards required for full-time certification in their intended subjectsi.

States should not fund programs that could bettpeobe- carried out by

awarding one-time competitive grants through the NSF; For example;

up-to*-date information about available computer software in any Mathe-

matics or science discipline concerns all 50 states, but this information

should not be generated through 50 duplicate studies.

13. For programs to be successful and cost-effective, the federal government.-

. should take a more _,Five role as an information broker and ensure wide.

dissemination of the results of projects, especially to teachers peopae-
o

ing proposals for support of related efforts. This would help prevent

duplicative efforts at the local level. In the past, results- -both

dpiisitive and negative-76f science education projects have not been widely
_

shai-ed. This has led not only to a tendency to "reirwent the wheel," but

also to a misunderstanding of the effettivenesg'of many of the most

successful science education programs funded in the past few federal

resources.

t

14. ,--ede.'al support shbuld be given to programs aimed at increasing the

participation of women, minorities, and other groups traditionally under-

represented 'n scientific and technological careers. These programs are

A

necessary to ensure the full utilization of human resources in our

nation's scientific and technological enterprises.
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15; Ahy renewed federal-commitment to improve science and Mathematics

education should include programs aimed at improving recognition; appre-

ciation, and understanding of science and technology by the general

.public. These programs hold the promise of raising the level of tech-

_

nical literaty of the out-of-school population; they can stimulate the

citizenry to tare more about the science m1 mathematics educatibh of

their Children. Popularized science and technology can alSO excite and

capture the interest of the youngest of our citizens:

Division of Responsibilities Between NSF and

strongly recommends that the National Science Foundation play

an important role in helping to solve the nation's current problems in science.

and mapematia education. The NSF has the Staff,, the organization; and the

necessaryiexperience in successful programming to be responsible for adminis-'

tering all federal competitive grants intended to

Upgrade the subject matter knowledge of secondary school teachers of

science and mathematics;

;Encourage stUdents to enter careers in Igthenatics and science teaching;

. Conduct teaching and learning research into effective methods of

instruction in science; mathematics, and the use of computers:

Upgrade science and mathematics curricula in secondary schools and at the

'collect level; and

78
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o :x.wport post - secondary science and mathematics education.

is vital that subject matter specialists be given the major responsi-

bility tor developing these programs. These specialists histerically'have- had

close connections with the Foundation; Further,\ the well-established peer

review mechanism in place at NSF will ensure th4 only the highest gualitn

most cost-effective programs will be funded.

The Department of Education, on the other hand, has- been responsible for

elementary mathematics and Science education, andjias the same kind of close.

linkages with state and local governments,,, that NSF has with institutions Of

higher learning. The impOrtance of the role of the Department of Education in

promoting more and better science and mathematics at the elementary level

cannot be overemphasized. Effective elementary science instruction is vital

since it is during those formativeyears that life-long attitudes regarding

science and mathematics are established. ,The Department stould, therefore,

continue to administer programs at this level. It should also administer any

block or "ormula grants that are created as part of a federal initiative to

improve science and mathematics education.

Comments On Legislative Prop4als
Under Consideration By The Committee

Retraining' _and Upgrading the Subject Matter Knowledge
of Currently Employed Teachers

The ACS considers retraining teachers and upgrading their subject matter

knowledge to be very Ulgh priority uses-of federal funds. RegLrdless of the
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approaoh finally adopted; the goal ot_any legislation :e and mathe-
-

matics educa\tion should be to help tet7ners meet. stat.e standards required of

full -time teachers in science and mathematics_

?orkshops nd summer institutes; as well as continuing education courses

in institutions of higher education, are preferred ways of achievirmretrain-

. ing and upgrading The requirement-that-academic credit be obtained is a -

.

reasonable, one.

The ACS recomm7ds that the National Science Foundation b6 responsible

for all_p_hases .(inch ing content development. course delivery; and teacher

stipends) of workshop and summer institutes desigiled to upgrade the subject

Matter knowledge of sc ence and mathematics teachers at the secondary level.

The Foundation has succ ssfullY operated summer institutes in the past; it is

trustecrand_respected by the science and mathematics departments which operate

these institutes; and,the Foundation has a well-establised and impartial

system of peer review acc ted by the scientific and mathematics communities.

The Society'recommendg that such training activities be carried out in a

co2rdinated manner between cademic and education departments in colleges and

universities;

The responsWlity for +roving the quality of .teaching of science and

m4thematicsilli elementary schoLls should rest solely with the Department of

Education. Any provisions concerning elem6tary education should also allow

for the involvement of the scientific and mathematics communities.
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The Department of Education should fund the operation of in-service

programs in the Local Educ .unal Agencies (LEAs). LEAs should undertake the

development of materials and program content only in cooperation with

professional scientis7. and mathematicians and the local Institutions that

employ. them. In-service programs may or may not, count toward degree credit,

depending on the nature and length of the sessioiis.

Development of Materials and Curricula

The Society believes that the NSF shOuld be the federal agency respon-

lible for the development of materials and curricula for.the teaching of

chemistry, physics, biology, mathematics; and'- computer science in secohdary

schOois. It is important for efficiency and ccAt-effecti4eness that activi-

ties aimed atimproving subject matter knowledge be funded at the federal
. .

lev41. Duplination can thus be avoided and widerAlistributon of products can

be achieved.

:The National Science Foundation; through competitive grants to individual

organizations oir consortia of institutions of higher education; professional

societies, busineis, industry, and state and local school authorities; can

produce the newitools that are needed to improve our science and mathematical

educational syst6m. The Society is dedicated to the idea that cooparatioi[ is

essential between: (1) professi,ials in the disciplines of science and mathe-
,

matics and in eduation, (2) professionals outside the educatOnal system,

and (3) the publl. .

25-912 .0-8:----4
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Funds to produce and market finiShed. protlUcts to state and -local ,>duca-

_ tional agenctessimuld be included in NSF grants, while fUndS for purchase of

products should be made available to'State,Educatibnal Agencies'(AAs) and

LEAs thrdliOh the Department of E4ticatiOn.'

- Scholarships For Future/Teachers

At present; the ACS places a il'igher: pribritY on a fedeeloinitiative for

retraining current teachers than for training futUee teachers; First; the
A

level of funding under consideration noes not appear to be adequate to- support
A _

'both retraining of current teachers and training of, new teachers-.: Second,la

good mechanism does not exist for ensuring that scholarship reCipients.44iit',

themselves Wholeheartedly to-teaching careers. Requiring scholarship recip-

ients to teach for a number of years or else repay the scholar-Ship MOO-eV gives

no assurance that teachers will teach with enthusiasm or remain in the,teach-
,

ing profession after, the mandated period of service.

If a scholarship program it created; At is important that retipients be

required to pursue an academic curriculum that would allow them to become

ceetified as full -time teachers in the' disciplines of science and mettle-

MaticS; Peblic funds should not be used to educate -the next generation of

unqualified teachers whc will require retraining later.

82
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Schclarships _for Present,Teathers

As stated previously; the Society believes the first priority is to fund

'.raining and upgrading of those persons already teaching science and mathe-

:its. Therefore, the Society recommends that the scholarships proposed by

the Administration should go first to teachers already teaching science and

mathematicS; that they MAy improve their'skills and become fully certi-
_

fied. The next category receiving thete schiol ships Shdifld be those people

whe disciplinary expertise but are not certified to teach.

Awards- -for reaciiing Excellence

Funds should not becmade available for awards for teachinn excellence

until ample proviSion has been made for retraining and other raeds. If a

program of awards is established; it Should be made tlear that recipients can

use the award monies for an" activity aimed at iMpreVitia science and mathe-

matics education in the schools. Teachers should be tree to Use these funds

to pay tuition and expenses for attending workshops and courses that would

improve their ability to teach precollege science and mathematics.

Distribution of FundS to SEAS and LEAS

The distribution of funds between SEAs and LEAs Should deOetid on the

overall _level of funding authorized in the legislation; and by the arrAv of

programs that are feasthle within that level of funding. It would appear

unwise to distribute to each LEA such a small amount of funds teat it is not

likely to support any effective program.
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a'

the Society favors retaining at least 50% of funds at the

state level. The need for focusing, targeting, and leveraging is even more
\ _

pressing when only relatively small amounts OrfUndt are available: The

Society recommends that these factert be taken into account in the distribu-

tion of funds between states and localities.

Consortium Approach_

The society endorses the -cOnsortium approach which we understand is under

consi ration by this committee. The ACS recommendS that the first r-ioritA

under this ssfunding approach should be to improve the capability of

and enrich the learning experiences of children in-elementary and se.:cndary

schools. Requiring j6int applications for federal matching funds should

pretabte the cooperation needed to attack Cie, problem effectively. Any con-k

Sertium should include, but not be/limited to: -state and local educational

agencies; business and industry; institutions of higher education; including

departments of education, sciences, and mathematics: professional societies;

and other non-profit organizations:

The Satiety believes that in a consortium approach,,J6r

awarded on a merit basis through the National Science Fbundaz,,,, the case

of chemistry. teaching; it would make the most sense for. the National Science

rain-Cat-ton to adalinister consortium-progrdtSit.st-- thi=4_2:Lademic_coanactica.....

with NSF has a long histoy and it voi-s, strong': Second; the chemical

industry's relationthi0 WithNSF haS been improving over the last several

yearS. Finally; the ACS',. interactions with all three are v6ey strong.

84
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The NS' should be given the flexibility to determine what types of

projects are eligible f,r fi,iding, after consulting with representatives of

sectors likely to participate in such programs, and after making an assessment

Of our overall hatibAl needs.

We have two notes of ca, to add eriar,jingthe use of matching funds.

Th appr.ach should be limited to addressing second-line problems. To Wit

th;' -A- program forward d; the principal means of increasing the number

c- r ,tr teachers or meeting other major needs would be unwise. A 50/50

matchinc approach should be liMited to attempts to bring the community

together to seek ways to improve Upon and ehhafiee the basic stricture already

in place. It would be unwise to count Ott large SUMS Of Money from the private

actor to address problems that are fundamentally the responsibility of the

public sector. As consortia mcPpe away from local projects toward more expen-

sive projects addcessing problems of a wider fo,,:s, than the private sector

percenLY - of thc match should decrease. Our se,: Jid is th,7'. consortia

formation Ylill not be possible in many school districts, such 1.7 ill rural

areas; across the co0h!ese: Thei-efohe; those that are lit(ely to be most in

need right now will not benefit from this tyne of program:

The Role of the ACS in Chemistry Education

-------------

education at all ACS effOrtt in ,theMittry education are carried out

through various committees. its Division of ci-,emical EdUtatiOn. and its 179

local sections. This enormous volunteur. ef; ;s supported by 5 staff of

in the SoLinty's Washington office.
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ASSets-j9t ,f Chemistry Education

The S'ciety has a .ajor study underway td assefc the current condition of

chemistry education in this country. frbni kindergarten through the post-

graiSualle avel. the_Society has been moving boldly ahead in specMc,

areas where it can make positive contributions, it is convinced that an

overall aSes.T.ent is necessary to understand the long-term requirements bf

the chemistry edu a':ional system. The stuily's objectiVet are to determine

what the ACS needs to do to enhance chemistry edutatiom; and what other

sectors 'of sticiety need to do as well. When the study is ci.mpi.,:ted this fall,

we will let policy-mi.,ers know What ACS believes needs to be done to entrance

chemistry educatien it the United Stares

High Schoc: .iamistry Programs

The ACS commitment to the hig goes back to 1922i and

that commitment has been greatly enn,,,:ai Over past several years. An

outstanding example is a new chemistry curriculum being develOped by the

-ociety For the general student at the 10th grade level. It is toile°

"Cheinitti_-, in the Community;" and proves an understanding of the theitistrz

inVolved important public l.sues. The project tuppo.'l:ed by NSF; the ACS

Petroleum Research Fund, the ACS Committee Oh Chetital Education; and the ACS

Corporation Associates, an industrial affiliate of 180 cot :' -ra tions in the

chemical ousiness. The actual curriculum development work is being done by

prominent chemical educators in institutions of higher learning through-Out the

country working together with high school teachers.
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An attachment tc this testimony; "The ACS High Sehbol Proor:m," details

many of the other wide-ranging activities of the Society at the secondary

level. ,questionably, the Society's cammitment is large; and that is why

menhersnip is interested in having professional societies ,ndspracticind

scier- sts. speCified_explicitly as-partners--in amy-iew .egislative initiative.

is Recognition. Appreciation and Und

cionce and Technology

Tnc ACS Office of Public Relations has several proje,ts and programs

unrierwa:: that are aimed at public understanding, but also find uses in high

school science eduCation: Three ACS plpnetarium shows have been widely used

in high schools; as has the film "Chemistry and Man." The "Man and Molecules"

tape series from the ACS radio program; now in its 22nd year on the air, is

used in tne class,oom as well.

The Office of Public Relations has organized a competitiOn to select a

chemistry experiment to be performea on a future space shuttle flight. Also.

WE racently produCed a high telibiO1 study course entit ,d. "DNA--Master

Molecule of Life."

At our March 1983 National h'eeting in Seattle; the Scc oty soonStit-ed an

afternoon program for local chemistry teachers and students, as we have done

at each rational meeting. Approximately 1,000 attendees listened attentively

as Nobel laureate Glenn s6Ahdeq told Of his fascinating discovery of new

chemical elements. They also saw and hoard an exciting educational chemistry

magic show presented by Or. Hubert Alyea.



A-CS Local SeCtions' Programs

The 179 ACS local sections around the country have been particularly

helpful within their - communities in stablishing programs for high school

teacher:. The major'.:.
Of lbtal section members are from industry, and often

receive support from their companies
in organizing activities such as local

workshops and Seminars; tours; and career programs; providing Classroom

speakers; niving advice on safety issues; and Offering scholarships to

Stud, The level of activity at the lotAl level has increased markedly

over toe past five yeIrs.

The f..CS local sections' programs are too rw4er-,,t. and :iverse to des-tribe

in detail. In shert, these orograms are nation,,Je, they receive some support

from the chr.irital industry; end, they have been ei.t:crely successful. Some-

times contact h,..ieen a section and a school community has been initiated by

the local section, sometimes
by local educators; and sometimes by ACS staff;

All successful programs typically
have involved schools and a given local

section in working partnerships, where
both groups recognize the value of each

other's experiences.

ACS Corporation Associates

Recntly, the. ACS Corporation -,+s;dtiates held a one-day conference in

Washington entitled, "Using Industrial Chemi ts' .d Enrich Chemistry Od

Science Education." The educational; industrial, and .icientific.communities

were all represented at this me6ing; and freely exchanged ifo.fnation on

currently otihq programs; perceived needs, potential problems and Oppor-

tunities for future collaborative efforts.

88
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While educators at this meeting expressed some reservations concerning

'business involvement -dnEprecollege science education; there was agreement that

such Involvement could be extremely helpful provide: !hat business worked in

close partnership with local education authorities. Since needs differ

tremendously from one educational jurisdiction to thL next there were no

global recommendations to industry to develop one particular type of program.

Instead, numerous models for business involvement in the schools were discus-.

t,2A silch as the "Science C, ultants Program" of the Xerox Corporation; the

"Chemical Caravan" and "Chemical Pilgrimage" organized by the Chemical

Industry Council Of New Jersey; and the "Program forRochester tojnterey,

Students in Science and Math" run by the Industrtal Management Council of

Rochester, New York.

As a result of the conference, Corporation Associates is supporting a

six -month pilot project currently underway in Philadelphia. A local high

school teacher on Sabbatical leave is work:-j on forging links between area

high school tc.chers and people in local corporations to establish programs

for the 1983-84 school year ',is°, this teachpr will prepare a directory of

local industrial resources that high schopi chemistry teachers can draw upon

fi,r classroom enrichment or other purposes. Corporation Associatn.s hopes to

expand this project to adicional citiesliext summer; using high Shhlil

teachers on summer hrea-.
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Involvement of Industry in Chemistry Edie:::tion

Even tnugh ial-academic ties traditionally have arisen through

the use of academic scientists and as con sultants, or through indus-

trial support of certain types of c research; it is clear From the

obey? descriOtinii of ACS progr;r , Z rh producing companies have made

siggifitan; contributions toprecolloo .,Tatinn projects nationwide. To

gain a better understanding of the natuio and scope of this industrial

involvement; particularly those activities in which ACS did not serve as an

intermediary, we recently canvassed the to 50 chemical producers in this

country. So far, we have heard fJth 43 companies. Only one company

representative inditated that there Was no involvement, or plans for involve-

ment, in precollege science education. Of the seven companies we have yet to

-each; we are fairly net-tat!, that five hove some activity in precollege

From these ln other contacts wTtli theniiel-producing companies; it is

very clear that these companiet haVe dent3li!.teated a significant intere3t and

leyel of involvement in precollege science nclucatiu . Three prevailing

re-ate-et to be!, 11' cdrpora'-> 'nteresc in community affairs, (2) interest

in Orrl.viding employees' children at company locations with good educatienal

Opportunities, and (3) concern about the supply and quality Of potential

employers. Company involv,-rient runs from Financial contributions to direct

employee int...,'action with precollege stodentt And teachers. Some companies -

initiate their own pregeaMS, participate through industry .

associationt through oel:inizations such as the ACS.
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chemical-proddting companies itiv,olVed mostly through their

1:,divictua; operating units. As a result; the fc .us is at the letal level.

Only in a few instances are corporate projects intended to impart at the

regional or national 1 -els. The most common forms of participation seek to

enrich the learning ex, .rience in schools. A few programs for upgrading the

subject matter knowledge of teachers were reportrca Support for materials

development and equipment donatiOnS was less frequently. repot-a-ed.

It was not possible-to determine from our review what
. inddStrY-wide

dollar figure is for contributions to precollege education; either in terms Of

direct monetary suppoi.,t or in-kind contributions. Similarly; there is.no

catalog; either comprehensive or partial, of the individual activities sup-
-. 0

" 6

ported by chemical produ ing-comnz.nies..

In an attempt bo---6artly fill he void; the ACS; in Cooperation with its

4rpPration Ass9ciates, will publish in early 1984 a compendium of Model,

Toograms for industrial-academic cooperation at the precollege level. Models

will be taken from existing company programs, and programs developed by

associations, gmernment, the educational community, and other sources.

Several proposals b,rop !cmmittee rest on the premise that industry

will continue and even inc, olvement in ot-dtollege edUCAtiOh in

science and mathematics. Th, .
i believes these proposals have some

merit. we hasten to point 01t that, just as in. the case of support

of atadetiC research, industrial contributions cannot be expected to assume

more than a very minor role 1r the direct support of precollege education.
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It is clear from our contects with companies, and frot the recent

conference sponsored by Corporation AssociateS, that chemical producers are

more likely to 'support programs Where the expertise of industrial personnel is

utilized in program development and. implementation; rather than programs t'ilt

require Only financial contributions from industry. Participation in program

development is. also more likely to bring long-term comitment on the Part of

Companies.

The questions befOre us are:- What can we expeEt of industry's participa-

tion in the future? How will the availabili+y of federal matching funds

affect their detisions? At the moment; we do not know how chemical. roducerS

Will respond to requests for more help. Doing our canvassing, we did .try to

assess company attitudes about more involvement. The current attitude of most

_company officials strong ly'suggests that induStry Will reSpoad positively.

However, it is clear that the response to any request for additional contribu-

tions will depend on the pace of economic recovery for the industry overall.

Thank you Mr. Chairman and members of the Committee for this opportunity

to tweeemt the views of the American ".heroical Society on science and methe,

matics education in the" United St3ces We offer the resources Of the Society

to The Committee and its staff for consultation, and -prild be pleased to

answer any questions y.,u may have.
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The ACS High School Programs

History of Involvement

The ACS s(t.- nr to the high school community nt ar_Iiait as far
back as 1922 wnclthe ACS Committee on Chemical Ede;. -,n; the precursor
to the now Division of ,nemical Education ; -develops: 3tanderdMinimut
High School Sourse Outline." This outline curries(' ,nited_in use
until 1939 when it was revised and republished so 'ne of
EasentiaIs for a Year of High School Chemistry.-

Since theri,_the of Chemical, Edu, in part:.'iular, has
been_the focus Of ACS figh_school-related pre rams. In 152=. the Jetrnal
of__Chemical_Education_was_firat pubIished;-am: early ,30's the
DivisfoolignITTFW-Eisting program for high hod n,j COIIe-,7, students.
Both the Journcl and the testing program ere Ctll1 flourishing.

The early 1960'a were potable_for_ah_eMphabit nvis approaches to
introductorychemistry. .Both_the.CheMiCAI Bond Approach ProjecI and Chem
Study were initiated by members of the AtetiCali_CheMidaI_SoCiety, though _V
they were not themselves Society programs. While Chem Study_is_finw used
in only-about-11% of 'schools and CBA in maybe /X,,co 2% of sehtebta, thti
two projects have influenced an entire generation of chemistry
textbooks.

. _

____The_JemeS Bryant Cotafir_AWire in-High. School Ch,aliistry Teaching was
established_io_1965 by E.I. duPont de"Neridraatd_CipatY,SInc. This
ACS-admindstered_avard_;_now_sponStiend by thA Eehyl Corporation,
recognizes excellence in high schoo chemistry teaching "Mid consiets-of

'-$2,000 and a certificate presented at the annual ACS apritg.Mseeting'-
Teachers are nominated for this award Carough ACS local sectiota,_tadY of
which present their own awards to outstanding teachers, within their own
communities.

Over_the_y,srs local sections around the country have conducted a
vaWty_of. other programs to support the professional erowth of high
school teacheA and to promote excellence in teaching, and learning, at
the_high_school IeVeI ACtiVitita hive included various teacher
workshops, atudett competitions; acience faire, else-6room speakers,
career_counseling_;_safety_prograMa,_ete' Although not aY1 local sections
have conducted these types of prrram, Insiay_have end-thr), hS06 rarely
been publicly recognized for the icellent job the ',aye been doing over
the years.

New Initiatives in Programming

the Society has an h.t. 'aril 11 record of involvement with
the high_school_comtunity;_ It it te-d, haWeve, in the past five years
the commitment of the _sbaoty_to t%.;h azhooI ChemiStry teacher(' and --

teaching has expanded by a quantum leap.
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The year 1977 was probably semiaal_itithe expansion of ACS efforts

in this area Tr 1977, the Society published "Cuidel/..,s and
Recor,.. ,-IztloNs for -the Preparati6'$ and continuing Education of Secondary

of .ac:--,.tra of Chemistry." "Ceielinca" not oily contained the basic

4,'..4neS for pre-service and in-oeteite education of high achoel

.ity teaChers, it LISO__Contained recommendations. f,r implementation
vartinza_gdidelines. These guidelines have recently .17eai reissued

:..re available free to teachers and administrators,

Following this publication, the Society undertook_Maje'r_new_______

initiatives toward the high schools on.three front-St firsv._the Society

awarded a_grant to the -Jour nsl of Chemical Ed6C,Jtion_to suPport_the_
development of a secondary school section and to eMPIoy a high school

chemistry editor; secondly, in 'Ste 1978; the Division of Chemical

Education established a High SCh661 Chemistry Committee, the' majority of

whose members -are durretitIy_ttaching high echool chemistry; and, thirdly,

in February 1979, the, new scan Office of High School Chemistry was

established.

The Journal of-CheMtcal--Education now puIiihei 'ad average_of_70_

pages per monthly issue for high school teschera. 04er_the past three

years high school teacher aubsciiptions to the Journal have increased by

almost 500Z. This truly astonishing Increase surely attests to *.hr: value

of the Journal to the high school teacher.

The ACS Division o - Chemical Education (DIVCHED) ,1f.gh School

Chemistry Committee_has_feedadd upon organizing symcosia fot high etho61

teachers at national and regional meetings. Since the Einstein _

Centennial Program in Washingtod in the fall of 179',-almoat 1.000 high

school ceieheke have attended national and regional meetings at special

gueat admiseion rates. Programs presented have includh2 topics such as

safety, dimonscratisas; thermodynamics, bonding, elestr,hemiStry, -

problem- solving, and the high school,eollege -interface. Host_ _ _

impirtantly, these symposia have been organized jzi high Sehool.Ceatbere

for high school- teachers with the majority of papers coming fro- 4

teachers themselves.
.

High school teachers have aide taken important_orgsna:;a:,,,s1 roles

in both the 1980 DIVCRED:BiendiaI COnference held at goe.erttr. end the

1982 DIVCHED Conference_hiIi_in Oklahoma last August; IL,Je r aly, the

1983 ChemEd Conferedde for high school teachers (part of secience of_

conferences held biennially at the University of. Waterlo,: in dadida).will

be held at ButIcr University with aurq:4rt from DIVC14ED, Society

Comtlteee on Educacioni and the Indiana Local Section, )o.' high

school teachers have the major organiiational raspensibili.y 1: :.

conference.

_
The DIVCHED High School Cht:Ascry Committer also is exec.

various mechanisms to deliver sz.ntinuing education courses.to
teachers especially from the ACS 4ddi6 Course catalog. For example, for

tne peat three years, teachera_attpndidg_thc_New
England Association of

Chemistry Teachers Annual Heetidg eive_been able to take an APSkAudio

Course for academic credit. The Committee is encouraging local 'sections

to deve,,p similar activities for local teachers.- hey are aIs6 looking
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at ways ill whidh_the courses could be modified co make them more useful
Co the high school teacher.

The Office oiH-i-g-hS-c-h-o-ol Chemistry

The staf Office of High School Chemistry_npw administere_four
programs: High School- Chemistry, _a newsmagazine for high_seheof_itndents,
Career_ Services; and Projtcct SEED.- The Office both-initiates its own
activities ond ServeS as a liaison to'other groups with high school
chemistry programs both within the Society and without.

Mostservices_of'the Office are intended foX any interested high
school chemistry teacheri_noi leii those who arc currently members of
ACS. _For example, thejligh school newsletter, Chemunity, which is
discributed free to about 7,500 teacher's at present, provides teachers
with information Reef, present, end fdture pre-coIlege activities ofthe SOciety. The nuilber of teachers who receive thin quarterly
publication grows daily.

_The Office also $l recta the Expert Demonstrator Training Activity __
(EDTA) worklahops. These regional, ts:-day meetings, supported by_che ACS
local_sectiona, are designed to (i) introduce high school teachers to the
art and science of_ effective Iecture-demonstratinn, and (ii) encourage
increased interaction between local sectionc and high scbool teachers
through the organiLaton of local "multiplier workehops.

To date five workshops have beenlield involving over 39 IOCCI
sectiona and approximately 130 teachers. Incidentally, although_the coat
of_ the_ workshop' cones froM the ACS High School Office budget,che ACS_
local sections pay traverand_per diem expemsea for the teachers, The
local sections also pay for the multiplier workishops which have
introduced hundreds of ocher teachers to the EDTA experience.-

The gh_Hchool_Pilm_Library,is_sestricted to ACS member-teachers
(about.1 ceachersat presest). This.LibXary_was founded following a
generous donation_of_films_from Ime:triaICHemicsI Industries Americas,
Inc., and has received addicionni_support_irom ACS Corporation Assoeiaeenand Phillip5 Petroleum. The library offers free-loan access rr cwer 30
films and five Audio Courses.

The affiCe of High School.Che ..try helps distribute the x7,o most
`rrecent safety_ booklets produced by e Society to teachers. Free safety
postera_are_CISo available. from the fficelupon request. The manager of
the Office ls,:cUirentIy working, closely with membt.a of the rouncil
Committee_on_ChaMical_Ssfety to evaluate osifecy ploblems in high
schools and_to_idettify_peast'i.le mechaniams1 for addressing these
problems. The:Man.ger_ls also in close liaison with the Consumer Product
Safety Commisainn whiCh is currently.monitniing.high school lab safety
problems throughout the country.

With the demise of the AC$_msgazine,_$ 1 uest,_for financial
reasons, the Office has taken over merkcin.4_the_ScigUest poorer and
reprint program. Several new coppilacions f toplpladfied fot the
future including a crossword purtle book.

1

4

it
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Atthe jdaior high_scheol leVel, the Office hAe_produced a-

curriculum- enrichment unit, Combatting the Hydra. The unit, which

introdUded_acience and society ropics_iate
the general or physical

scieaee_classroom, his been reviewed_by_ehemiats and themical'aduceterS

throughout the count.6, And file
been_teacher-tested in the cIatardom.__

'78.ydra"_covers the topics of
fOod_edditivelo, use of fibers, pesticides,

and_energy. It includes a teacher's resource reader dd these topics,

teaching plans, ready-to-duplicate
sv:dent activity sheets;__

bibliographieaw; and contact addresse fUrthet 1E-formation.

At the recent ACS nations'. we±tcp,, held id_Kaneas City in September

of 1082, the ACS Board
ofDireztut3 votie re publish a newsmagazine, Chet

Matteri,_fer_the high school studar. Thi.'_e112;Lbei a quarterly'

publieetiod'containing_feature artf.cIet;
our.-of-achool chemistry

experiments, safety tips, current eventei_g'smes and puzzles, ct4eer_L____

informatiop, pullouts,
monographSi_lestere to the editor, etc. 'Ilio_test

lasues_of this publication are
scheduled for field testifig_thia spring

with regular subscription issues becoming available by fell 198

One free copy Of
this_mew_pablication will be_idSered_in each

Chemunity newiletter,_beglan -ng .3.1ith the twe,teit_issues._ Bulk orders of

the- publidatInnwill be aval abpe, .,t coat; through the ACS Office of

High -ehuol Chemistry. 1

This new publication will-be ediced_by_a practicing high school

chemistry teacher. Also, an M4itoriai_board,
composed of a majority of

high_sehooi chemistry ceachersi;ia to -be appointed: to oversee the_

publication. The ACS- Office 4:High School Chcmisiry-iervea.as_liaison

to the editorial board and is esp.: ble for production; marketing, and

distribution.

The ..LS is now cOadUeting_tbe
natf:unvide search for_the_permapent

editor. This editor WiIi_he_responaihle
for aupplyidg_all_final copy;

making suggeatibad for_art-;ork,
illus-trrions, a4 photographs; and

'approving the final layout.

Career Set ices

The Career Services Program pro3cdes career gUidance,informAtion to

the.high school siudent'ai veil sa_to_the undergraduate. New__ ___

-- publications of the Program_are_focusing upon he IMPOrttnce of taking

c -mistry in high
schofa,'vhether_or not the studeat ifitenda_tostud

e:.,miscry at university, _In_addition to.providiag.ibforzation
for the

senfor high, schOol student;_ brochures are
d$reeted_tevard_the middle

e:honl and medt_receotly, theProgram has produced a booklet for

3-, atary school: students._ Career Servieea_Staff_asaist
loca', sections

in the erg-SOUSE/0a of, career workshoins
ia'the,high_schools And are

avel)sble to give expett talkc
whenever invited to do so.

_The Career Services Program4146 -Administers the Society's

partidipation in the Annual International Science and _Engineering_Fair

(ISEF)Lorganized by §cieace-Serviee.__ACS
sponsorsIten awards.--7_four .

cash_award% 3nd six honorable Mentions ';;! for outstanding projects-in_

_ chemistry. the prejeCE8 are evalunted,_ and the winners selected, by a
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team of judges from the ACS local section -in- -which the Fair is being

held. The 1982 ISEF wan held in Houston in May.

Project SEED 11;4 high AdhOoIleareer_program_of theSociety_that
places economically disadvantaged high school students into summer
employment in academiC laboratories. Since its inception in 1968,
Project SEED has_placed over 1500 students into over 200 institutions-for
a 10week work period each summer. Though the students receive a oilman

stipend for their efforts, perhaps the most important parc_of ch,!. program
for the students is the opportunity to develop-a mentor relationship with
their preceptors, and to receive career and conege_counseIing from_them.
While the administrative costs o: the program are borne by ACS; the

student stipends come from voluntary contributions from individual ACS
members, ACS local sections, industrial companies, and private
foundations. In 1982, nearly 100_students_received $750 each, with about
$52,000 coming directly from_the Project SEED stipend budget
remaining funds contributed by the local sections.

This aninmer._the Society received a grant of over $40,000 from the
NSF under its Research Apprenticeships for Minority High School Students
Program. Twenty_students participated in the Apprenticeships Program
with ACS matching student stipend monies, with the Foundation.

Cu-r-riculunt Development

Within the Department of Educational Services, the new Office of
Progriri DeveIdOWent is administering another grant from the NSF. -This

grant for over $191,000 is to develop a new chemistry curriculum_for_the
general student at the 10th grade level. The curriculum, CHEMISTRY- IN
THE COMMUNITY (CHEMCOM), is modular and will cover those areas of
chemistry necessary to understand important chemistry issues of_the_day.
It will also emphasize the importance and practice of decisionmaking

skills related to interpretation of scientific data. Currently NSF is

funding six of the modules with the ACS Petroleum Research Fund
sponsoring one extra unit and ACS Corporation_Associates supporting one
other. Modules now being developed or planned include:

Supplying Our Water Needs
Feeding the_WOrId
Petroleum: Its Uses; Reserves &
_ Importance for Society
Conant.Ving Chemical Resources
Alternative Sources]of Energy

Understanding Nuclear Issues
Dealing with Chemical Wastes
Chemicals, Air and Climate
Chemistry in:Public and
Personal Health

The Chemical Industry

The Office of Program Development is also administering a grant from

NSF to develop,at least six computer software packageo-to integrate with
the first three modules of CHEMCOM. The-SERAPHIM/CHEMCOM Interface
Project (SCIP) integrates a chemistry_software evaluation program being
developed at Eaotern Michigan University (and also'funded by NSF) with
CHEMCOM. The software will eoncentrate_on developing decisionmaking
*kind in students through simula:ions and games.

2:;-912 O -83 - -7
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Programs Throughout the Society

The expansion of ACS high achool programa has been Cirected_bY_the

Society Committee on Chemical Education (and formerly by_the_Education
ComMission). The Pre-c011ege and.Non-professional_Educational_Activities
Subcommittee of both grOu7s haa'neen especially responsible for this
gl'owCh.

SpeCial task forces of_SOCED_are_currently developing guidelines for

taiehike Of cheMiscry similar to_guidelines currently available for high

school- physics teachers. The Guidelines Task Force is composed primarily

of high school teachers. The published booklet will not contain
information or recommendations on chemistry curricula; but will.addregs

problems of teacher load; use of laboratory paraprofeesianals;_laboratory
design.; space allocation; safety; professional growth; and _budgeting.

The Society CoMMIttee on CheMical:_Education_hasalso been very

active le preparing position papers for the Society and contributing to

testimony priaehted:before Congpess_and_the National Science Board

reIeCtiig to the NSF Science Education budget.The Committee continues to

ita COnderns_for_the_present and future of chemical educifien

in the high schools to policy makers at many levels of gavernment.

_Co ncern for high school issues and 'eeds is not a_dbfiCern expressed

by only a few members and committees of the Society. _Fer'example,_the
Office of Local Section Activities adminiaters a Lodal_Section_Program

Development Fund. Over the past four years, nearly -$O% of_grnnts awarded

to local sections under this program have been for high school

activities.

The Office of PubIie Relations has also_been very active in high

school programming. It hail organized a_epace_ohuttle competition with

the local sections to beIeCt_a_high_achool student expekiment to fly on

an u0coming ehuttle; the "Get -Away- Special." Also, the Office is-
CUttentlydeveloping: a multimedia package on, "DNA: Master MoleCUIe of

Life"-fók the higii_achool_classroom. The package will contain_a
filmstrip and sound_track;and a teachers' guide with_adggeated____
activities, tests, and further reading for the students. :The_Office has

also developed three planetarium shows which are widely_used_in high

schools; as well as the acclaimed "Chemistry and Man" film, and tile long

established "Man and Molecules" tape series.

Publications by the Office of- Public Relations are being used by-a

growing number Of teachers and students. These include the booklet, The

Stellar Thread: A stoty_of DNA,_ Evolution, ....d.the
Immortality -of- Ideas;

and the annuel_docapiIation of reports_ from the forefrbat of ellaiefil

research; what's Happening in Chemiatry7
_

addition to_SOCEDaild the Committee on ChidiCaI Safety, the

Board/Council Committeeon Environmental Improvedefit is_also_concerned

about 1110 schoolteaching. They have establiehed_k_subcommittee to
examine problems epecifically related to the teaching_of_environmental
studies at the high school level. _The Board7Counci2 Committee on

Chemistry and Public Affairs has also established a group to examine

policy issues at the pre-college level.

Clearly, ACS has made an ekteftsive_commitmentof time, talent, and

financial resources to the high_school_communityfor both teachers and_

students.
High_echoO2;programming_is_anintegral part of Society

programs and.heIpe.keep_alive the integrity and vitality of the science

to WhiCh we -;lave dedicated our professional lives.
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American Chemical Society

OFFICE OF THE
PRESIDE:'

Fred Baso lo
PresIdont.Elect. 1982
Pressdent, 1983
Immedate Pest Resident. 1984

The Honorable Orrin G. Hatch
Chairman
Committee on Labor and Human Resources
'United States Senate
Washington, D.C. 20510

Dear Senator Hatch:

-.-

1155 SIATEENTH STRE_ET. N W.
WASHINGTON._O C-

Peen, (202) 9724600

May 20, 1983

I would like to thank you for promiding_the_American_Chemical_SocietY
with an opportunity to preseot_its_views_oo_science_educatioo before your
Committee on April 18. Following the hearing, you addressed some written
questions to Dr. Parry who had testified on behalf of the ACS.

I understand Dr. Parr.), has replied to these questions on his own behalf.
as a distinguished scientist and educator: I am now forwarding the official
ACS response to your questions. As Dr..Parry has pdinted out in his reply,
these two points of view are not at all far apart.

I hope that the Amirican Chemic 1 Society will 6e able to maintain a
,continuous dialogue with your Committ -on the subject of scientific
education.

Sincerely;

Enclosure
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Response-to-Questions Addressed By senator Hatch

to Scie=r-&)eteties-Panel

question 1:

We have hearl_cverY witness at these and Senator Stafford's hearinga

that there is_t__"crisis" in American math and science educatiod; Scientists

rarely make such sta.:enfants unless there is data to document their findings,

particularly such alarming ones. A Iarge_consortiom_ef educational
organization's, however, has come to_us_and_reported that while the problem

,SIOes, in Met. etist,_its nature -and magnitude will not be fully known until

therdegh asSeasments have been performed by state and-local educatiod
agencies. Do you believe there is sufficient, reIiable_infOrmation currently

available which would negate the need for a lengthy assessment process?

AbeVer:
- -

The American-Chemical Society_ believes that_there is sufficient,
reliable iefOrMatied_COrrestly_available to begin to address the problems now
ideatified_as_afflicting science and mathematics education in thid_hOuntry

Hence; we do not believe that federal action should M.Ait_the_results of,yet

another assessment preeess.-41owever, we do_reo0oxend that Congress utilize

the uPcoming report of tha_NSB_COMmission on Precollege &location in

Mathematied, Science; and Technology when formulating remedial legislation.

The time to begin to develop-a coherent,_IOng-_.range federal policy

addressing the mathematics and_SCiente_edocation_needs-of our nation is

clearly On us Sew. _As_a aeciety_we_do not have the luxury of taking the

time necessary te_COndoct a_state-by-state assessment of the problems_ that

moet_Of_Os_cooceraed with the quality And quantity-of seiebee_end_mathematice

education agree exist in our schools-today. Nenetheless_we do believe that

coneinuicg in-depth aasesebent_theilld_he one'component of a comprehensive

science and mathematibs education policy.

Question 2:
-----

CoUld the AMeriCan CheMietl_Societystudy be broadened to include the

Status of education in other science disciplines?

Answer-:

The KMeridan Chi:Midi:a Society's study_on_chemistry education is intended

as a canPanieh_StOdy_to_the National
Academy's assessment of the current

Status of cheapistry_in this country.
We intend to fellow the same -time

schedule as the Academy's study, including joint publication.--- Clearly,

expanding the scope of the ACS-report to include other science disciplines is

not compatible With this schedule.

It addition ACS does not have the expertiSe_in the_other_science
disciplines necessary for such A study; which would more appropriately be the
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province of other associations. However, the preliminary '..ndinge of our
task force members suggest-that some of our recommendations for chemical
education Will eventually lead to joint society actions for science
education.

Quetion-B:

Several_of You ha7e Pointed out that the federal government should be a
better "information broker." Would this dissemination of information include
the dissemination of pre-college curricula?

Answer:

In the early 60's, the National Science Foundation had a tremendous
impact upon science-and mathematics eaucktion around the- country-- through the_
deveIoient_oZ_moded_curricuda.__In CheMistry._fer eXampled-the Chemical Bond
Approach and the Chemical Education Hatellal,Study catalyzed th_ publication
of a new generation of commercially-available textbooks and locally-adapted
programs. The need to update precollege curricula in chemistry for both the
coIlege-bound and_the general stUdent is now upon_us_sincel (1_) chemistry has
Moved set_far_in_the_last_20 Years; Lb) our undlrstanding of how students
learn and retain chemistry knowledge is more sophisticated; and, (c) we have
a better appreciation of the need to design different courses for college and
non-college bound students.

The most effective and cost-efficient way to disseminate new ideas in
the teaching of chemistry is for NSF to sponsor the development of new-
curricula, and to seek commercial publication of the materials so developed.
CUrricUIUm_develOpment_at_ths dependent_upon the text-books
iilable for purchase; it is also dependent on the existence of sound model
curricula to stimulate new and creative approaches to the teaching of
chemistry.- 'Thus to answer your question-more directly, yes the NSF should be
a better_"ihformation brakee_by_more Widedy_pUbIlcizing_succesSfUl_prOgrams_._
and__Yes this_information_shold include the dissemination of the availability

. of model precollege curricula. We do not by this suggest that NSF actually
distribute books to LEAs around the country.

Question 4:

The Congress enacted a program to assist women and minorities in science
several years ago. What can we do, specifically, to increase the -'

participation of women and minorities in-science within the context of_this
science and -oath- education bill that would reinforce or augment the efforts
NSF is already making?

Answer.

We would like to see a number of NSF programs initiated or reinstated:

(1) Grants and contracts supporting programs in science and mathematics
for female and minority students in elementary-and secondary schools, and
higher and continuing_education. :Programs such as_sCience career awareness
workshops and apprenticeships programs have been successful in encouraging

101
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young_female_and_tinority students_to_enter_scientific_careers and these
programs shonld be continued. Visiting women scientistsiprograms and student
and teacher science training programs should be considered.

- (2) National ResearCh Opportunity_Grants_ahOuld_bc initiated to provide
opportunities for the advancement of women scientists. We should like to see
than provided to women just beginnLng their careers or resuming interrupted
careers.

(3)_ ReentrY programa should be reinstated. These eicellent programs
funded by the NSF in the past provided opportunities for women to resume
careers in science. Many of the earlier programs were directed at women
reentering industrial careers. New programs could be directed toward reentry
in both education and industry.

Finally, we believe it imperative that women and minorities participate
al. all levels within the NSF as grant recipients, peer reviewers,visiting__
scientists, and program administrators. We applaed_the.formation of the -NSF
CoaMittee_onigeUil-OPloottunities_in_ScienCe_and_TechnOiogY.and oi its Av)
standing Subcommittees on Women in Science and on Minorities in Science. We

commend their efforts within the Foundation and hope to see them supported.

Question 5

You. have drawn a fairly clear line between the NSF and the- Department of
Edution responsibilities, essentially between-levels_and_net_fUnetiene._
Why ecac, you think NSF shOuId be involved at the elementary school level for
teacher training and retraining or improving course content?

Answer:

The American Chemical Society did not state that NSF ehould not be
involved in developing programs at the elementary school level for teacher
training and retraining or for-improving course content. The Society_did
state that these programs shOuId be the adminietered_by_the_Department of
EdUCatiOn. _We_stated this in recovaition of the close association of the
Department'with the elementary education community and its expertise in this
area. However, there should be exchange and cooperation between-the
Department and the NSF to prevent-a gulf from_deveIoping where the
responsibilities of one agency end and the Other's begin.

The Society believes that science education should be an integral and
basic-part of every student's learning experiences from kindergarten through
colleWb: We recently sponsored a-conference-to discuss chemistry- course
content in grades K through -9._ At this Conference_i it became clear that the
coherence and progression of physical eLtence taught fromone grade to the
next are very important. We would be greatly concerned if the distribution
of responsibilities for elementary and secondary education between the
Department of Education and the National Science Foundation_resuIted in a
Ia.,* of continuity in the teaching of science to our children.
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Senator HATCH. Thank you, Dr.Q"arry. You have an extensive
statement that we've taken notice of. All of you have excellent
statements here. The important thing is that we are making thiS
record for the committee and we're paying very strict attention to
what you are recommending. "A

Dr. Flint.

STATEMENT OF DR. FRANKLIN FLINT, CHAIRMAN, DEPARTMENT
OF BIOLOGY, RANDOLPH=MACON WOMEN'S COLLEGE, LYNCH=
BURG; VA.
Dr. FLINT. Senator Hatch, I'm pleased to testify before your com-

mittee -on- behalf-of the American Institute of. Biological Sciences:
The AIBS is a consortium of more than 30 professional scientific
societies with an aggregate membership of some 60;000 biologists:

As life scientists involved in education and/or in research, we
add our voices to those expressing concern about the declining
status of science and mathematics education in the. United States.
Many statements have been delivered on this subject and there
seems to be little disagreement as to the existence and severity of
this crisis:

Numerous witnesses have been,: called before congressional
panels to point out how this educational crisis threatens America's
productivity, economic welfare, and her national defense. Few
knowledgeable people would disagree with these statements or
question the facts that the dimensions Of the problem are multifa-
ceted and permeate the American educational system from the pre-
college level to the community college; the undergraduate class-

_1:001/1 and the graduate universities.
And even as we point with pride to the fact that America takes

the lion's share of Nobel Prizes in physics, chemistry, medicine,
and physiology, we must pause to ponder the fact that this achieve-
ment was built on science education and research done in the past.
Prize-winning scientists received their crucial precollege education
in the first half of the 20th century. Since then, the investment
made by other nations in science education and research has been
much larger per capita than in the United States. Future prizes
will not be won in such large numbers by American scientists if
things._do not change.

While there is little debate over these issues; there is disagree-
ment concernir:g the kind of initiatives the United States should
undertake, -and who should have jurisdiction over those initia-
tivesthe Department of Education or the National Science Foun-
dation:

The cost of education must be borne by many sectors of the
American society; and it _is diffcult to assign costs and responsibil-
ities in any precise way. However, it is appropriate that the Feder-
al Government take a leadership role in establishing initiatives to
meet this crisis.

Federal leadership in this quest for- excellence is now an accepted
tradition. The costs for financing this enormous undertaking are
beyond the economic means-of most of the States or private sector
alone, and there is a need for achieving national- equity based on
the fundamental principles of our society. We also have Federal
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manpower needs at stake. tates offer support to accomplish the
needs recognized by the St However, there are some national
needs which it is the responsibility of the Federal Government to
address. A scientifically literate population is best equipped to re-
spond to national objectives in a critical and competitive and
highly technological world.

Accepting the premise that there is a central Federal role in sci-
ence education brings us to the question of how the Department of
Education and the National Science Foundation should address
these-pro-61ems.

There are two separate; but related; dimensions to the problems
in science education: One, the recognition and stimulation of the
best teacl-ers and provision for their continued education, and
second, the general upgrading of all science and mathematics facul-
ty in individual schools. it would appear that both the Department
of Education and NSF have fundamental roles to play in solving
linth these problems.

In meeting the former, it would seem the National Science Foun-
dation has a key role to play. Educational institutes in the Nation's
research universities -for teachers selected in a national cornpeti-
tion and paid stipends to attend would be highly effective. ThiS
could be patterned .to some extent on the secondary school insti-
tutes sponsored'by the NSF, during the 1960's and which was re-
ferred -to- in your teachers' panel a few minutes ago. Ltssons
learned during those institutes should be incorporated into any
new program: These programs would give the teacher the prestige
of the Foundation, the satisfaction of having been selected on the
basis of merit and the regard of attending a prestigious institution.
In addition, the use of eminent discipline oriented researchers in
developing the contents of these institutes and in teaching the par-
ticipants would give teachers exposure to some of America's_ best
curre.nt 1.-:seach as well as providing much needed profesaional
contacts between the science teachers and these same researchers.

By similar reasoning, it would appear that the Education Depart-
ment should have some responsibility of improving the quality of

Ind mathematics instructions in a given locale because that
requirr -. that all teachers of those subjects receive attention. The
type of :ograms operated at the State and local school-district
levet, part, of a systematic multiyear plan, with the the U.S. De-
partment of Education serving as the major funding agency; would
best meet this need.

There are other areas that should be addressed. A single shot in
the arm won't do much to stop the ravages of neglect in our educa-
tional system. The- process must be ongoing with year after yea7
concert:. about continuing education of our teachers as a high prior-
ity. In meeting this particular need; I feel that careful study and
examination of the suggestions made by Dr. James Rutherford,
chief education officer of, the American Association for the Ad-
vancement of Science, should bn explored.

I will skip his testimony because you already have it.
I submit to you that there is no dearth of ideals to solve our

problems The colleges and universities have individuals with the
abilities to give science education the impetus required to meet the
needs of our society. All that is needed to unleash this latent talent
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is the commitment and leadership at the national level to catalyse
the effort.

1 wish to suggest three cautionary areas. One, it is important to
recognize that emphasis should be given to all fields of engineering;
the sciences, and mathematics. These constitute a fabric of human
knowledge which becomes distorted if the emphasis is too narrow
find is placed on one discipline. Our undergraduate majors in biol-
ogy need to take strong programs in chemistry, physics, mathemat-
/ics, and other cognate area if they are to cope with today's prob-

:,/ lems.
Second, it is important to include research scientists in any long-

range effort to improve precollege science education and scientific
literacy; because science is an ongoing program and needs to be
kept current.

Third; it is important that renewed emphasis un science educa-
tion make. use of the existing infrastructure ofi.the academic sci-
ences to insure economies and effective use of ne*,nioneys commit-
ted to these objectives.

I do appreciate this opportunity to present my views to this com-
mittee. I can assure you of the continuing support of the American
Institute of Biological Science to resolve the problems of scientific
literacy and education: We will support vigorous action in this
field.

Thank you:
[The prepared statement of Dr. Flint and responses to questions

asked follows:]
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TESTIMONY OF

DR. FRANKLIN FLINT

The Role of the National Science Foundation
In Meeting the United States Crisis

In Science and Mathematics Education

Mr. Chairman:

I am pleased to testify before,this distiMguiShed panel on behalf.

Of the American Institute Of Biological- Sciences. The AIBS is a con-

sortium of Mote than 30 professional scientific societies with an

aggregate membership of some 604000 biologists.

AS life scientists involved in education and/or in research, we

add our voices to those expressing concern about the declining status

of Zci,nCe and mathematics education in the United StateS. Many state-

ments have been delivered on thiS Subject and there seems to be little

as to the existence and severity of this crisis.

Numerous witnesses have been called he-fongressional panels

. .

to point out how this educational crisis threatens America's productivity,

economic welfare, and national defense. Few knowledgeable people would

disagree with these statements or question the facts that the dimensions

of the probleM are MUIti-fhoeted and permeate the American educatiukI

system from the precollege level to the community college, the under-

graduate classroom and the graduate universities.

And.even as we point with pride to the fact that America takes the

lion's share of Nobel prizes in physics, chemistry, medicine and physi-

ology, we/must pause to ponder the fact that thit,6dhievement was built

on science education and research done in the past. Prize-winning

scientists received their crucial precollege education in the first

half of the 20th century. Since then, the investment made by other

nations in science education and research has been much larger per

capita than in the United States. Future prizes tall not be won in such,
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large numbers by American scientists if things do not change.

While there is little debate over these issues, there is dis-

agreement concerning the kind of education initiatives the United States

should undertake, and who should h.ave jurisdiction over those initia-
-

tives---The Department of Education or the National Scie:,,e Foundation.

The cost of education must be borne by many sectors of the American

society, and it is difficult to assign costs and responsibilities in any

precise way. However, it is appropriate that the federal government take

a leadership role in estaolishing initiatives to meet this crisis.

Federal leadership in this quest for excellence is now an accepted

tradition. The costs for financing this enormous undertaking are beyond

the economic means of most of the states or private sector alone, and

there is a need for achieving national equity based on the fundamental

principles of our society. We also have federal manpower needs at stake.

States offer support to accomplish the needs recognized by the states;

however, these are some national needs which it is the responsibility

of tree fedeal government to address. A scientifically literate pop-

ulation is best equipped to respond to national objectives in a crit-

ical and competitive world.

Accepting the premise that there is a central federal role in

science education brings us to the question of how the Department of

Education and the National Science Foundation should address these

problems.

There are two seP4rate, but related; dimensions to the problems

o in science education: (1) the recognition and stimulatiOn of the best

teachers and provisions for their continued education, (2) the general

upgrading of all science and mathematics faculty in individual schools.

-/
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It would appear that both the Department of Education and NSF have funda-

mental 'roles to play in solving both the problems.

In meeting the former; it would seem the Nx.tional Scienee, Foundation

has a key role to play. Educational
institutes in the nation's research

universities for teachers selected in a
national'Oempetition and paid

stipends to attend would- be highly effective: This could be patterned to

some extent on the secondary &Chao' institutes sponsored by the NSF dur-

ing the 60's. Lessons learned during those institutes should' be incorporated

into any new program.
These programs would give the teacher thn prestige

of the Foundation, the
satisfaction of having been sele&ted on the basis

of me -it and the regard of attending a prestigious institution. In addi-

tion, the use of eminent discipline
oriented researchers in developing

Elle contents of these institutes and in teaching the participants would

give teachers exposure to some of AMerica's best current research as well

as providing much needed
professional contacts between the science

teachers and the researchers.

By.similar reasoning, it would appear that the Education Department

mould haVe the responsibility of
improving the qua'ity of science and

matheMatics instruction in a given locale bedause that requires that all

teachers of those subjects receive attention. The type of programa op-

erated at the state and 166A1 school district level as part of a System-

atic multi-year plan, with the
Department-serving as the Meijer funding

agency, would beat meet this need.

There are other areas that should be addressed. A single shot in

the arm won't do
muchito stop the ravages of neglect in our educational

system. The process must be ongoing with year after
Year concern about

continuing education of our teachers as a high priority. In meeting this

particular need, I fee: that careful study and examination40 theme
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suggestion made by Dr. P. James Rutherford; chief education officer of

the American Association for the Advancement of Science, should be ex-

plored.

In earlier testimony, Dr. Rutherford has suggested that electronic

capabilities should be develoPed to satisfy this continuing education

need, and that grants should be made available to universities; science

museums and scientific societies to develop audio and video tapes ar

computer programs for continuing education programs.

In addition; Dr. Rutherford has suggested that a satellite education

al system be developed and launched to provide 24 hour a day instruction

to'teachers and students. That idea has definite merit and should be

explored more fully by the National Science Foundation, NASA, the Depart-

ment of Education and other federal agencies with the technological cap-

ability and tha programmatic concern to not only define tie science ed-
.

ucation crisis, but to develop ways to eliminate the problem.

I submit to you that there is no dearth of ideals to solve our prob-

lems. The colleges and universities have individuals with the abilities

to give science education the impetus required to meet the needs of our

society. All that is needed to unlease this latent talent is the commit-

ment and leadership at the national level to characterize the effort.

I wish to suggest three cautionary areas:

(1) It is important to recognize that emphazis should be given to all

fields of engineering;the sciences and mathematics. These constitute a

fabric of human knowledge which becomes distorted if the'emphasil is too

narrow. Our undergraduate majors in biology should take strong programs in

chemistry, physies,mathematics,and other cognate areas.
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(2) It is important to include research scientists in any long range

effort to improve precollege scienceeducationand scientific literacy.

(3) It is important that renewed emphasis on science education make use

Of the existing infrastructure of the sciences to insure economies and

effective use of new monies committed to these objectives.

I appreciate this opportunity to present my views to this committee.

I can assure you Of the continuing support of the American Institute of

Biological Sciences to resolve the problems of scientific literacy and

education. We will support your vigorous action in this fieId

Thank You.
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QUESTIONS FROM SENATOR ORRIN G. HATCH
and

_RESPONSES FROM-FRANKLIN F. FLINT
REPRESENTING THE AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES

Question No. 1

We have heard every witness at these_and Senator_Staffords
hearings say that there is a "crisis" in American_math_and
science education. Scientists rarely make such statements
unless there is data to document their findings_,_ particularly
such alarming ones. A large consortium of educational Orga-
nizations, however, has come to us and reported that while the
problem-does, in fact, exist, its nature and magnitude will
not be fully known-until-thorough assessments have been per -
formed -by state-and local education agencies. Do you believe
there is sufficient,. reliable information currently available
whith would negate the need for a lengthy assessment process?

Yes, I believe there is sufficient reliable information

currently available which would negate the need for a lengthy

assessment process concerning the "crisis" in American math

and science education. This answer comes from thirty-two years

as an instructor in the undergraduate biology classroom, from an

examination of SAT scores, from conversations with colleagues,

and from activities involving professional organizations. It

is true there is some discrepancy of views among various groups

and individuals, but there is a common theme that our science

programs are not as good as they should be and not'as good as,

they could be. Some of the blame for this is the result of the

amalgamation of school districts as an important democratic and
. _

social process of the decades of the 60's and 70's. .I believe

this process has worked-sufficiently well for us now to concen-

trate on excellence in the educational process. I' believe

there are many influential individuals within minority groups

who are in agreement that this quest for excellence in science
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education can now be attacked successfully.

Could -the- American Chemical_Society study be broadened to
include the status of education in other science disciplines?

Yes, this study could be broadened to include the status of

educatiOn in all science disciplines. In fact, this has

already been done-in most cases. The biological sciences have

been fragmented with respect to their approach to national

issues and disciplinary affiliation. However, the larger

professional societies-within the broad discipline of biology

have been actively involved in the problems of education for

many years. MOst-have a section and/or committee dealing with

the issues of education. This is due to the fact that 60%

of all biologists are involved in teaching, either pre-college,

college; or in graduate schools.

Question No 3

Several:of you have_pOinted_out that -the Federal Goveramew7
should be a better "information_broker" Would this dissemi-
nation 6f- information include the dissemination of pre-college

curricula?

Yes; the Federal Government could be a better information

broker. I feel that some involvement of federal agencies in

pre-college curricular planning can be good. I say "can be

good" because I weidid assume that the development of pre-college

curricula would be done by a contract or grant instrument to

leading professionals in the fields of curricular development.
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I do not think it would be'good for so-called education

experts who are career Civil Service employees to !Iandle

pre-college curricular development or dissemination.

Question No.-4

The_Congiess_enacted a program to assist women end minor.cies
_ in science_several_ysars ago. What can we do,--specifically,

to increase the participation of women and minor/di-di-1n'
science within the context of this science and math education
bill that would reinforce or augment the efforts NSF is already
making?

I believe women and minorities are ready to participate fully

in science and math education. Many individuals have shown

a strong inclination toward science as a career and have

definite talent. These persons should be encouraged to utilize

these talents,'as should every other citizen on an equal and

challenging basis.

Question No. 5

You have drawn_a fairly tienr line between the NSF and the
DepartmenCof Edneation responsibilities_;_essentially between
levels and -not functions._ Why -do you -think NSF should not be
involved at the elemsntary school level for teacher training
and re-training or improving course content?

I feel the NSF has an important job and one which it is

qualified to meet if it involves itself only with curricular

development and training in science for teachers through work-

shops, institutes, etc. I, believe basic teacher training at

the elementary level is best done by people in departments of

education. These departments haVe a long history of successful

work with such individuals. Planning an elementary schodl

curriculum which coincides with the child's "readiness to

learn" ability is a special field of knowledge. Disciplinary

scientists can cooperate in such programs by insisting that

science and mathematics be introduced into the curriculum

at an early stage and that it be logically arranged so that

each grade becomes stepping stone to.tha next.
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25-9I2 0-83---8_



Senator HATCH: Thank you, Dr. Flint
Dr. Boehm, you're our last witness today.

STATEMENT OF DR: ROBERT F. BOEHM, __CHAIRMAN, DEPART=
MENT OF MECHANICAL AND INDUSTRIAL ENGINEERING, UNI-
VERSITY OF UTAH, SALT LAKE CITY. UTAH
Dr. BOEHM: Dr. Leroy Fletcher is senior vice _president of the

Council on Education for the ASME and he was unable to appear
today and asked me to fill in for him.

My statement has been submitted. Let me just summarize a
couple of the key aspects of what I want to ernphasite.. hit a little
different flavor than the basic science teaching: There is a very
critical need in technical education. T think when we look at some
of the other countries, like Japan, where products and productivity
are outstripping us; we find that a percentage of their po_pulation
that resides in the engineering expertise is much greater than
ours.

Let me outline some of the problems: that we've got. Enrollments
are not a _problem: We have more students than we knOw what to
do with Our enrollment has increased 25 percent per year, even
with the establishment of some serious enrollment curtailment. We
have many motivated students. The problem_ is our faculty has
grown 1 of a faculty of 20 with no substantial increase for an al-
ready poor equipment situation. :-

Senator HATCH. Have you seen the chart_in_Dr. Parry's state-
ment? The increase of student vis-a-vis the increase of faculty
Members.

Dr. BOEHM. Pardon?
Senator HATCH. Have you seen the chart that Dr. Parry brought

out in his statement? The increase in students goes up like this and
the increase in facultsinembers goes about like that. Is that simi-
lar in your field at Well?

Dr. BOEHM. Yes, very much so.
SenatOr HATCH. That's the point you are making here.
Dr BOEHM. Right, and the equipmentcOMputers, et cetera are

very critical areas that were facing right now with regard topro-
ductivity. We need a lot of new and, generally, expensive equip-
ment. It's very difficult to fund this from State or Federal sources.

Senator HATCH. Do you all agree on that? You need quite a bit of
equipment. I get that every time I come out to cue of our univerti;
ties in Utah. They say they just don't have access to the best scien-
tificequipment-for teaching purposes.

Dr. BOEHM. The interesting thing is that we can't even accept
giftS, by and large; because many of these gifts require some kind
of service contract which could amount to 12 percent per year of
the purchase price: That is more than our present total equipment
budget is for many of these machines. Recruiting is a very big
problem. When we have a job opening, six times as mans foreign
born student§ as Americanfitudents will apply: This leads to lan-
guage problems in the classrooms, but even more importantly, they
are not raised- in the technology that we take for granted in our
country: This compromises many of theirabilities in the classroom.
The -other problem is the salaries on the outside. I have a young
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assistant professor who has just been enticed by a nonuniversity
entity for twice the salary that he is making at the university. In
addition, the research support is very meager. We need this to keep
current in our professionin our professional development to keep
up with what's happening in the technology. This same young as-
sistant professor could go outside with a $3 million a year research
funding to begin with. With ours, he has to go to NSF with maybe
a 4e-to-1 chance that he may get some money from them.

What we support are the following items from the NSF: Expand
engineering and physical science fellowships, traineeships, research
incentives awards, and faculty awards for summer pay; upgrade
the undergraduate instructional equipment and its utilization;
some kind of tax incentives for leveraging State and private sector
resources through matching grants.

In analogy to the saying, "where the tire meets the road," engi-
n ering is what accomplishes what science and mathematics puts
into motion by forming : into industrial products. Criiical needs
exist here.

[The prepared statement of Dr. Boehm fcllows:]
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Introduction
.

I an Dr. Robert F. Boehm,.Professor and Chairman, Department of
Mechanical and Industrial Engineering at the University of Utah in Salt
Lake City. Dr. Leroy S. Fletcher, Senior. Vice President and Chairman of
the Council on Education of the American Society of Mechanical Engineers
1ASME) regrets he_is_unable to appear today and has asked .me to appear on
behalf of the Council;

ASME was formed 103 years ago and_haS a current membership of_some
110,000. It is a volunteer society-with an enormous array of_activities
and resources. Mechanical-engineering incompasses an extremely broad
range_ of activities. One way to describe mechanical engipeering is if
it moves or holds pressure, from Barnie Clark's substitute mechanical
heart to the space shuttle; mechanical engineering was involved.

. A consensus_exists_in the Congress and -in the_Nation_to improve our_
economic _viability both now and in the future by addressing shortcomings
in our educational system. Engineering is at the receiving end of that
system and is the critical link between-concept and reality, between
ideas and the market place. The education of enoineers-to provide thit
critical link is currently_experiencing_a crisis of quality. The
combifled pressures of insufficient faculty,. increased enrollment and
inadequate instructional equipment are choking off the production Of
quality graduates.

We are also keenly aware that shortcomings_in pre-college math and
science education reduce our potential for quality graduates-even more.
We therefore implore the-Congress to reach a-consensus as soon as
poisible and'enact legislation to begin to address:

o the shortage of instructional equipment and funds for its use,

o the critical shortage of high quality engineering faculty, and

o the need to increase the quality-and quantity of pre-college math
and science education;

We believe th't thiS national problem can best be solved through
federal initiatives and encouragement in conjunction with the efforts of
the states, the private sector and the academic community.
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Spettfic_Problems

The shortage of ins.Oructional.equipment and-funAtforWsdte,

The problem has been welt documented in prior testimony and has been
the subject of a variety of _proposed solutions, We Co not believe any
single legislative initiative 'r private_ sector_ effort will solve this

problem. We are therefore stroigly supportive of the concept of federal
aid with matching assistance from private industry;-educational
institutions and State governments. The mbtching requirement helps
insure_that all the logical participants have a say -in what and how much

is done._ We agree with SenatOr Tsongas (and others)..."that it is -

important to_mesh the priorities of the private sector with the economic
development and educational policies of the states".

I understand that limited personal tax credits or increased deduction

allbwances for instructional equipment is not within the jurisdIction of

this Committee. However,_I would_like to mike a_suggestion with the hope
that Senator Grassley or Senator Matsunaga will _bring it_to_the attertion
of their colleagues on the Finance Committee. As an engineer; I am
intrigued with the possibility of contribUting direCtly_to my own school

and then being partially repaid through a tax credit. It- seems -to make

more sense and be much more efficient than sending money to Washington _in

hope that someone far from the prOblem will know exactly what_is needed

at my school.- The incentive could vary from 150% credit for lower

incomes down to the currently available charitable deduction for higher

incomes. Many dedicated teachers spend their own mbney to supplement

meager or non-exsistant equipment\budgets. An increased personal
deduction allowance; even if-capped, could make that personal-sacrifice

much less necessary while still improving the quality of classroom

equipment.

Critical Shortage of Quality Engineering Faculty

I am in the- process of hiring three new assistant professors at the

University of Utah. All- three have PhDs. _Due to some extraordinary
efforts, I am able to offer $27;000 which is more than some of our other

fullprofessors are making after years -of service. One of the candidates

wants to work for us but has another offer from industry that is almost

twice what we have offered. His decision would not be difficult for most

of us I am sure. The 1982 average industry starting salary offer to

engineering graduates was with a 8S in ME was Just over $25;200. There

are undoubtably a number of causes for the shortage of qualiv_

engineering faculty but compensation_ is_ certainly a subttantial factor

that must be addressed by any successful program.

The distinction must be made between quality engineering faculty and

simply filling spaces with-an available person. Certainly in these times

most available jots are filled :and'that applies to engineering faculty

positions as well. The problem is that-some of thoSe filling_the
positions are not qualified or if qualified are barely acceptable;
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In addition a significant number of today's engineering students are_
beirg taught by foreign nationals whose_command of_english is so poor
that instruction suffers.__Even more importantly; a number of foreign
nationals_come from very different cultural- and - economic- systems. They
are not well prepared to_teach engineering -in the-context of the U.S.
value system and cultural environment and dcrnot have the advantage of
having grown -up with technology. This is het.a protest against the
technical ability of foreign nationals; in awed, many earned their degrees
in the institutions where they are now.teaching. It is simply another
result of the flow of talented potential engineering instructors into
private industry. Foreign nationals who cannot be hired by many
companies find teaching a viable alternative and a good way to remain in
the UnitedStates.

_ In the NSF budget_for 1984; one -of -the _most interesting proposals.to
help encourage and retain- young ; talented faculty-members is the
Presidential Young Investigator Awards program. The ASME has advised
Dr.-Keyworth and Dr. Knapp of our interest in this program and our
Willingness to proms :e the industry-college marriages necessary for
fully-funded and successful grants. (A copy of our letter to_Dr. Knapp
is attached.) In a January 31 press release; Dr. Keyworth_stated_that
"these five_year grants will provide new faculty members, with up toy
$100,000 annually for research with half the funds coming from industry.".

_ It is critically important to the_success of the Young InveStigater
;Awards program that those states, with large-and accessible industrial
sources of matching, funds, do not run away with the program. If the.
purpose is- primarily to provide incentives to young professors to remain
in teaching, we must keep in mind that 'deserving recipients are located
in all fifty states.

If industry is to continue to_receive_the high level of engineering
talent_necessary for economic viability; the source of -that talent must
be protected and nurtured._ The federal government must encourage the
private sector to do what is in the company!s and the country's best
long term interest. Once the pattern of mutual support is established
betWeen our scheols and private industry, federal sUpport should be
gradually shifted to other high priority efforts (as long-as it can be
done without reducing the potential of cooperative programs then.in
existence).

Iacrease_the ualit and uantity of .re- college math and science
education;

One of _the problems faced by our engineering faculty is the need to
teach remedial courses to incoming engineering students. When shortage
of faculty or competition for limited enrollment quotas make it
impossible or unnecessary to offer remedial instruction, students who,
want engineering educations must'be turned down. It comes as a shock to
aspiring students that their prior education did not prepare them for
what they want to do in college.

A
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NO One effort -will solve the nroblew nor shotild We-be lulled by the

quick, temporary fix. In the current economic situation federal hinds

are too limited to do more than begin to solve. this problem. It is very .

important that the Congress not try -to do a little bit for everyone. The

funds should be targeted to the most critical 'problems first. At our end

of the_education_pipeline modern equipment-is our most_pressing need,

faculty quality- S number two The pre - college- preparation of students

entering engineering is a close third in our priorities;

A CONSENSUS VIEW

The 98th COngress has an important opportunity fur positive action.

Recently the House, overwhelmingly and by a_bipartisan vote. approved

H.R. 1310, Emergency Mathematics and Science Education Assistance Act.

We- applaud this move as a positiVe fittt step in addressing the current

educational crisis. 4

We support the_tonsensus_reached -by_a broad group of organizations__

renretenting_diverse elementarVi_secondary, higher OdUtatiOn_and private

sector constituencies. We believe the_aPOroP riate role of the federal

L
government in meeting the pressing problems in math, science and

engineering kW-cation should include the following:

_At the National Scieno4PbUndation we urge the establishment of

programs to:

* Expand fellowships.--_-traiueeships,
research incentive awards and

fatUlty awards for, summer study;

* upgrade undergraduate instructional
equipment-and its Utilization;

* upgrade and improve instructional programs_and materials, in

engineering, mathematics, science and technology at all levels; and

leverage state and private sector resources to achieve these purposes.

At-the-Department of Education we endorse programs to

* retrain teachers in effective instructional skills and substantive

knowledge;

* support_ summer institutes and workshops_for teacher training

initiatives aimed at improving mathematics; sciene and technology

education;

* Strengthen_and improve the contributibiit of education research and

development; and

* provide student assistance to_attratt qualified persons tt be

mathematics and science teachers;



117

We urge the Senate to adopt legislation that will contain these
elements. In this way positive-first steps will be taken to reverse the
serious decline that is currently threatening our economic and national
security. We recognize the necessity of immediate action to deal with
the most critical prcblems and acknowledge that more long range and
comprehensive_solutions will be_necessary._ We believe_that the programs
proposed aro_consistent witlithe reality of current budgetary couditions;
and will provide an important step toward long -term- solution of the
pressing problems currently facing math, science and engineering
education.

In closing I would like to endorse a statement by Dr. Ed David of
Exxon Research, "The most encouraging sign I see is that people_have _

begun to relate the kind of education we have to the economic health of
this country".

This_statiMent was prepared by the
American Society of Mechanical Engineer's Council on Edkation.

It represents the considered judgment of the Council,
experts in the field, rather than an official position of

The American Society of Mechanical Engineers.



118
,z1

Senator HATCH. Thank you very much.
I'm going to submit questions to each

we've

you in the interest of
time here oday: ,,,* -

I real appreciate the testimony that. e!ve had and the excel=
lent statements all four of you presented to this committee,

It's alinost an unsolvable problem_in some ways because we only
have so much money to work with The administration's bill is we
think, probably- inadequate as far as monetary figures are con-
cerned; We have a wide disparity of beliefs as to what we should
emphasize and what we should not emphasize; but I think your
Statements will play a heavy role in helping us to resolve some of-
the difficulties that we have.

I want to thank each of you for coming, We appreciate your
giving your time. -

At thiS point, I order printed all statements of those who could
riot-attend and other pertinent material submitted for the record.

[The material referred to follows:]
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The Askatiatibh Of AMeriten Publishers (AAP) is the general association of_

book publishers in the United StateS. It comprjses Professional and Scholarly

'Publishing; College; International; Direct trarketing/BOok Club; School and

General Thade divisions. Our some 300 member pUbliShing houses produCe the vast

majority of general trade;. educational; reference; PrefeSSiOnal and religious

books published in this country and found in the nation's libraries as well as

Considerable related audio-visual materials.

The tradition of including prohibition's against undue Federal influence

over education programs is firmly engrained in statute.

In 1958, Congress intliided in the National Defense Education Act (NDEA);

enacted that year; a provision stipulating that "nothing Contained in this Act

shall be construed to authorize any department, agency, officer or employee of

the United States to exercise any direction, supeeviidh; Or control over the

corriculom, program of instruction; administration;'or personnel Of any -edUta

tional institution or school system."

. And, in 1970, Congress carried this language over into theGeneral Education
.

ProviSiont Att (GEPA), the law governing all HEW education programs. It was

again spelled out in fuller detail in 1979 in the Department of Education

Organization Act; Set '03(b) Of Whith states:

No provisioi,_af_a_program administered by the Secretary or by any
other officer. of the Department_shall be tbrigtrUed to authorizelthe
Secretary or any such officer to exercise any direction; suRei-Osioh,
or control over the curriculum; program_of'instrUCtiOn, atiMiNtration,
or personnel of any educational institution;Aschool;_or stheel

over any accreaiting agency or associati-on, or over the selectiOn or
content of library resources, textbooks, or other instructional

.materials by any educational institution or school system; except to
the extent authorized by law.

Most recently; in 1983, the 97th Congress included the following section

n.the Job Trai.ning Partnership Act (JTPA):

47
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Prohibition Against Federal Control of Education

Sec. 145. No provision of this Act shall be 'construed to authorize
any_departtent, agency, officer, or employee of the United States to
exercise any direction, supervision, or control over the curriculum;

program of instruction, administration, or personnel of_any_edUca
tional institution, school, or school system, or over the selection
of library resources, textbooks, or other printed or published instruc-

tional materials by any educational institution or school system.

We urge that a similar provision be included in the enabling legislation

for the National Selena Foundation; the National Science Foundation Act of

1950, as amended: Such a provision would be consistent with well-established

congeotsional policy. It would provide insurance against any possible suspicion

that currently expanding NSF science and engineering programs might unduly en-

croach upon state-; local and university prerogatives and would be an effective

instrument in helping NSF minimize such embarassments of the type suffered

during the 1970's as a result of the MACOS project.
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TESTIMONY_OF SENATOR DANIEL K. INOUYE before Senate Committee
on Labor and Human Resources

Mr. Chairman:

I am pleased to be able to discuss with you my proposal

for the improvement of college.pro:rams in math, science and

engineering.

This bill is quite different from most of those which the

committee is presently considering. My bill is small in both

scope and in funding requirements because it is designed to

address a narrow, though important, issue. It does not pre-

sume'to deal with atI aspeCts of the problems our country faces

in math and science education: but rather with an aspect of

this problem that hag been neglected.-

I am proposing that the Congress authorize $12 million to establish

a program which would enlarge science education opportunities

for students who do not have access to good programs in math,

science, and engineering. This will be achieved in two ways.

First, the program would enable eminent researchers and teachers

to spend a semester o; a year helping in various ways institutions

of higher education located in remote areas throughout the

country or institutions sere.ng a large number of minority or

economically disadvantaged students.

Second, it would authorize grants to faculty members from

these same institutions to spend a year at a major university

upgrading their teaching and research skills; and he return

to their own in-stitutiohs to upgrade the educational programs
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there. At the present time, 00 program like this, in math,

science or engineering; is supported by any of the federal

agencies or by any private institution. The National Institutes

of Health haS been running h similar program in the biomedical

Sciences. It is now time to improve and expand this conce2t

to-thejtechnologidaI Seiencs; which are so important for our

nation's security and economic Well-being.

Improved preparation of all citizens in fields of mathematida,

science; and technology-is essential to the development and

maintenance of our economic Strength; military security. com-

mitment to the democratic ideal of an ipformed and participating

citizenry, and international scientific leadership.

As the total number of 18-year-nldsin the population con-

tinues to decrease into the 1990s, the percentage of high school

graduates entering pre-professional
college level courses in

gdiehed and engineering must increase to meet future needs. We

must develop and utiliZe the talents of all Americans, including

women And Minorities and those from the poorer areas of our

country. We can no longer depend on a fraction of our population

to meet 100 percent: of scientific and technological personnel

requiements. We cannot afford to waste the talents of any of

our:human resources.

The problems we face in our educational systems are multi-

faceted and, therefore, require action on many different levels.
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I would like to remind you that we have faced.a similar problem

before. Although our solutions proved successful, in part they

were also partially responsible for the situation we face today

In 1958; soon after the Soviet Union launched the sp ce

age with its Sputnik space craft, the Congress passed the '

National Defense Education Act. The Act was designed to improve

science education at all levels from kindergarden through

graduate school, to increase the numbers of teachers, and in

general to improve the .technological skills of our future work

force so that we could compete successfully with the Russians.

The United States did, indeed, land the first person on the

moon in 1969, and yet, through the 1970s, many of our scientists

and engineers could not find employment in the declining

aerospace industries and in our schools and universities. As

a result, enrollments declined and many scientists and technicians

left their professional fields. .Today, we have serious faculty

shortages in our engineering schools and in science and

mathematics at the primary, secondary; and college levels.

Demand from the private sector has lured away many teachers,

and our depleted pool cannot replace teachers in sufficient

number. Concomitantly, graduatcs of many of our schools lack

the. skills necessary to find employment in our increasingly

teChnological society.

The bill that I have proposed for your consideration is

ooth unique and modest in cost. It will cost $12 million a

year and will directly benefit between:100 and 200 institutions

of higher education. I hope that the committee will include it

in its omnibus legislation to improve science education In our

nation.
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The Project on Equal Education Rights of the NOW Legal
Defense and Education Fund has been working since 1974 to
promote equal opportunities for women and girIS in the
public schools. With the dawn of the "computer era"; PEER
focus is on increasing access for women and minority males
intatheMatics, science, and technical education as out top
priority.

We share the grave concern that educators, business leaders
and pcIidyMakera haVeforthe quality of mathematics ana
science education. All dhildren need to-be adequately pre-
pared for a future in which mathematics, science and technical
knowledge will, be essential teals for success in the workplace..
Too often, however; poIidyMakers overlook those groups --
women and minorities -- that have historically participated

at a low rate in these fields. .

We understand that legislation aimed at upgrading math and

science edUdatien like S. 530 is critical and we commend
you for takihg leadership on this issue. We would like to
share with you out views an the legislation and offer a

few, suggestions about-hoW it could be improved.

Never before in history has there been such a great need for
personsskilled.in mathematics and science. Yet our educational
system -is singularly ill-equipped to serve-this need at the
present time. For example, there has been a drop in mathematics
ind science course-taking-overthe last two decades: Between
1960 and 1977, the proportion of public high school Students
mroned in Science courses declined from 60 to 49 percent.
'here. has teen a parallel drop in achievement -- math SAT
;cores for conege-boUnd studenti have declined steadily over

25-912 .129
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the last 18 years through 1980 and only recently has this

'trend begun to revers' itself. The National Science Board

Commission on Pie-College Eddeation in Mathematics, Science

and Technology reports that in 1981; 50 percent of teachers

newly employed nationwide to teach secondary.science and

mathematics were actually uncertified to teach those subjects.

Experts predict critical shortages in the fieldd Of engineering,

computer adienCe;mathematics and the physical sciences.

Acz:ording to the Bureau of Labor
StatisticS, thee will be a

-sto...rtage Of over half a million computerOperators,systems

analystS and technicians by 1990. .The'National Engineering

Manpower Project of the Electronic Industries Association

predicts that the demand for eleatriCal and computer engineers

will exceed supply by almost 40,000 by 1985.

Yet the absolute nUmber of high school graduates in 1985 will

be 15 percent lower than in 1975; according to the Southern

Regional Education poard. The National Center for Education

Statistics estimates that between 1980 and 1990 the Overall

minority schoCil age population will increase 4:9 percent, while

the white'wilI decline 9 percent. By1990 the youth cohort

.will ne 30 percent minority nationally.

Given that the majority of
workers;---53 percent -- are women

and minority males, it is clear that any substantial increase

in high technology workers
wilI emerge from the very groups

_

that have historically been Underrepresented in science finIda;

- The National Science Board Commission in their repert,, Today's

Problems,-Tomorrow's Crises, stated that "to meet the country's

needs for excellence; creativity, and innovation in its

scientific work, we must develop and utilize the talents of
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aII Americans, particularly women and minorities, now

currently underrepresented in the, science and engineering
professions:"

Dr. Cora Marrett, the Chair of the National Science Foundation's

Committee on Equal Opportunity, couched the problem.in evens.

more urgent terms during the December meeting'of the National

Science Board Colmission. "Mitheut access, without
equality of opportunities; the very hearth Of the scientific

enterprise of this nation is threatened and the health of the
nation in general....(T)he focus of the problems of access of
the underrepresented is a focus on enhancing the scientific
manpo,,er of. the nation."

.

In fact, the very jobs that are increasing the fastest are
the very jobs where women and minorities have'not been employed.
Jobs like machine mechanic, computer systems analyst, computer
operatmi and computer programmer are among the Department of
Labor's list of the 30 most rapidly increasing occupations for
the 1980s.

In these and other critical fields; women and minorities have

been'historically and consistently underrepresented:

In 1976, vomen were 4p percent of the labor force

but held only 13 percent of the jobs in math;

computer and life science.

BIackt hold only 2.4 percent of all engineering
jobs.

In 1981; Slack females were about 2 percent of.

All computer specialists;
.

Women are only 4 percent of employed engineers.
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Blacks account for only 5.1 percent of those

employed in mathemat.ics and computer science

fields.

Judging from the eduCationai programs that prepare future

professionals
intheSe:fields; womel and minorities ardIikely

to'stay substantially Underrepresented in scientifid and

technical careers: While the trend has been slightly upward

over the last decade; females and minorities are Still en-

rolling in education for these fields in draMatidally ssitaller

numbers than white men:

In 1978, Blacks received 'Six,percent of the

bachelor's degrees in computer science;

Hispanics, 1.8 _percent and American Indians

1.3 percent.

Only 20 percent Of the students enrolled in

technical vocational programs are women.

A 1977 study of entering freshman at the

University Of Maryland showed that 63 percent

of white men in the class had 3.5 years of

preCaleUIns high school math compared to Only

31 percent of white Women, 27 per-Cent Of

Black men and 19 percent of Bladk women.

In 1981 women received-nine percent of the

bachelors degrees in engineeting-

A.1981 survey of 113SdhOOI districts in

Michiganfound that boys Outnumbered girls

.two to one in coMpnter math courses.

Traditionally-female occupations are.undergoinq-enermous

change. An estimated 80 percent of working women are now

132 .
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concentzated in occupations which are rapidly declining

or becoming obsolete as a..result_of technological advances.

Jobs such as bank' teller, telephone operator and clerical

worker are undergoing major changes which will result in

dramatically fewer jobs available in fields in Which:women

have traditionally been concentrated. This revolutionary

change in the na=tion's labor market will haveadevastating

impact on women. Not only will women, face job displacement,

but they also, will face Iong7term or even permanent unemploy-

ment because few will have the resources or opportunity to

acguire the_necessary skills to enter and advance in the tech-

nical job market. .

Special Barriers for Young Women

Perhaps the greatest barrier to the achievement and participa-

tion of young women,in mathematics -and science.; is the persistent

cultural bias that these fields are properly in the male domain.

The conseguendes of this perception are severe.

In 1972, sociologist Lucy Sells conducted a systematic study

using.a random sample of freshmen admitted to Berkeley that

tall. She found that-57 percent of boys but only 8 percent

of the girlb had taken four full years of high school math.

The situation had changed in-198f. In that year, one -half of

.colle*ge-bound girls compared to two-thirds of college -bound

boys had completed four years of high school math. Despite

this improvement, the gap in enrollments, especially in advanced

courses,-Persists.

PEER's own study of math enrollments in 113 school districts

in Michigan in the fall of 1981 confirmed this pattern. Boys

outnUMbered girls two to one in computer math courses: in one



130

/school dit'trict the percentage of girls in computer math

-was as_low_as 22 percenGirls were 40 percent of the

students in caleulUt and.4:1 percent of the students

trigonometry. We also found advanced science courses with

enrcAlmentt at low as 19 percent female.

.This difference in course-taking is Chiefly responsible for

the 16Wer achievement rate ,s of girls that many studies have

reported: While boys and girls tend to do equally well in

Math at elementary school levelt; girls' math scores drop

behind in junior high and fall further behind at the high

school and college level. Thete findings are consistent

'across numerous studies including those of the National

AsseS-sment of Educational Progress and the SAT.

There has been a great deal of research unde,ta!:an in the

last decade aimed at understanding what factors influence

students' choices Concerning math and science OdUtation.

Much of the research points to two key groups as powerful

influenceS on young people's career choidett parents and

teachers.

A 1980 study funded ty the National Institute of Education

to look at what factors influence the achievement and parti-

cipation of-women in mathematiet turned up some interesting

insights as to why children of both sexes choose to take math

courses. The study found that three most important considera-

tions that go into the decision to take math are:

positive attitudes ,toward mathematiet;

perceived need for mathematics for future career

and educational plans; and

134
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o influence of significant others; including

parents, teachers and counselors.

Parental encouragement and support are important for both boys

---and-gils.;_accordingto the study. The best predictor of

what courses girls would :take-was-their!_perception of their

father's educational expectations. In general, the study-

leads to the conclusion that girls receive less encouragement,

than boys, have less positive attitudes towards math and see

math as less useful for their future careers.

Teachers also play a pivotal role in a girl's choice to pursue

math. In her paper, "Mathematics.Edncation Research: Implica-

tions for the SO's;" Dr. Elizabeth Fennema points out some ways

that teacher behavior can have the unintended effect of

discouraging girls from taking math classes. Some teachers --

but not all -- have higher expectations and demand more from

boys than girls. Teachers interact, both positively and

negatively, more with boys than-girls. Teachers ask more

qu6stions and more difficult questions of boys than girls.

Ot er research has shown that thef:e differences in teacher be-

h vior are more extreme with high ability children.

-:the other hand; teachers can have a tremendous positive

nfluence. Many women who have become successful in scientific

ields report that it was the influence and encouragement of

single teacher that made the difference. Such things as

expOsure to same-sex role models, sincere praise for the job.

well done, and adVice on the value of math and science for

future careers,, all tend to make a big impact on girls' choices;
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Additional Barriersfor-Minority Students

Minority students, like female students; lack role models

in scientific and tedhnical careers and are often not

encouraged to think Of these careers as possible for them-_

Minority studenta ate also more likelyto attend schools where

the quality Of mathematics teachers and course offerings

are poor Or.MihiMally satisfactory. Too often, they may

become stuck in remedial coursesi which may not allow theM

time for advanced mathematics and science courses. For some

populationsi the English language is also a barrier.

Programs That Work

Over the last 15 years, intervention programs have 13.4en developed

with "an aim toward removing some of thdad barriers to achieve-

ment. In 1980, the American AssociatiOn for the Advancement

of Science prepared an inventory of programs for women and

girls in Math and science between 1966 and 1978. They found

315. Intervention programs for minorities include the National

Association of_Pre-College Ditactors; a network of 14_programs_

aimed at increasing Minority participation in math, science and

engineering. "These programs pursue a variety of intervention.

strategies; including career awareness progf6s, inservice

training for teachers and administratOrs, parental involvement

and remedietion of students. The striking thing about many of

thebe programs is that they work -- andLY:ey are bfteh inexpen-

-Sive to implement. Some examples include:

a. EQUALS. LoCatedat the Lawrence Hall of Science

in Berkely, California, EQUALS is a low-cost

training. pru§ram designed to provide practical

assistance to teachers; counselors and admini-

straterd; service qrades M-12. Since 1977, 2,000
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educators- -1n-California and 2,000 educators

in 25.-Other states have participated in the

EQUALS program. Evaluations show that in

schools where the EQUALS program has been used
f for two or more years, there is an increased

participation of girls in advanced math class;

'and-the students of'EQUALS teachers (both boys

and girls) have improved attitudes towards

mathematics and increased interest in mathematics-
:

relatep career fields.

Mathematics, Engineering, Science AchievementCRESA).

Since it began in 1970, MESA has delivered a

variety of educational services aimed at stimu-

Iating enrollments and success of minority students

in college preparatory high schools in California.

Approximately 500 MESA Students now graduate per

year with the educational background they need.to

succeed in mathematics; engineering and the

physical sciences. More than two-thirds of MESA'S

graduates select math-based majors in college.

Career-Oriented-Modules to Explore Topic in Science

(COMETS). The COMETS project at the University

of Kansas focuses on-using role models to encourage

science career interests among female high school.

students. Each of 24 lessons describes science
' activities which role models can use to arouse

interest in a particUIariscienceconcept and to

explain how the science concept is applied in her

career field.

PEER Community Campaigns. PEER is'nurrentIy working

with community groups in four states in an effort

to improve :,.ccess to quality education; particularly

it the math and science area. Reports from the



Michigan Oroject, PEER's longest- running prCjecti

demonstrates the kind of impact community

involvement can have at the IdCaI level. The

increased community awareness of the importance

Of math and science education to girls' futures

has resulted in concrete changes. Citizen

interest generated a pioneering study of math

enrollmenta; hoW being used extensively by

Michigan's teachers, administrators and parents.

CommunitY groups in two towns have initiated

programme aimed at improving attitudes and

increasing awareness among'both teachers and

students concerning math and science, education

as a result of the study. Educators; having_

perceived the need to make changes; use community

interest and involvement in the study as evidence

that parents support these changes:

One significant effect of thete programs is that, although they

may originally focus on a special population, all students

actually benefit. Programs focused on career awareness can-
t

capture the interests of minorities and non.- minorities. Both

boys and girls can benefit from programs to reduce math anxiety

and aVoidahee The EQUALS program equips their participation
. .

with creative; imaginative and fun ways to teach mathematics --

techniques-that will stimulate all stUdehtt One Michigan

high school teacher reported that when;ag a result of the

Michigan project, the school started ehc,3uraging girls to take

physicsi they got more boys toe: They increased the number

of physics classes from two to five. The results of these

intervention programs offer solid support for Dr. Marrett's

statement that,"It is to our advantage t, .tart with segments

138



135

that seem to have the greatest problems, because if we can

solve those, we can solve anything."

Implications for S. 530

General. All state and local programs receiving

federarfunds aimed at improving mathematics,

science and technical education must build in

efforts to increase the participat]on of tradi-

tionally underrepresented groups.

1. All teacher training must include instructional

methods and materials aimed at removing barriers

to achievement and increasing the participation'

of females, minorities and other traditionally

underrepresented groups in mathematics, science

and technology-related eeucational programs and

careers.

Given that there are differentials in the

educational experience of boys and girls, minori-

ties and non-minorities, any inservice training

must include components that help teachers reach

cut to involve girls and minority males; Aware-

ness is the key. School administrators, school

board members, counselors and teachers all need

basic awareness_ training about the special

barriers young women and minorities c'counter in

math and science educatioh. We reoommeld that

the techniques and models already pioneered and

proven in successful intervention programs be

incorporated into inservice training and retraining.
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2. Curricula and instructional materials developed

under this Act-must be detigned to appeal to

boys and girld, minorities and non-minorities.

Existing a-diet:de and mathematics texts often
,

omit and stereotype women, girls and minorities.

For example; the pronoun "he" might be used

exclUSiVeIy in word problems or the word problem

theft-elves might describe traditionally-maId

activities that girls may be unfamiliar with or

disinterested in. "Children, Televisibn and

SCience: An Overvir of the FormatiVe Research

for 3-2-1 Contact" produced by the Children's.

Television Worksho p showed that girls perterred

shows with female leads, that depicted relation-

ships betWeen people and that locused on animals:

This gives a clueto deVeIoping a science and

math curriculum that interests both sexes, not

just boys. At the very least, any curriculum'

that is developed for math and science classes

or for computer use must be free of sex and race

stereotyping and bias.

8 FederAI Level. There should be established at the
_

federal level a $10 million program fOr developing,

reviewing and disseMinatingmodel:programs and curricula

aimed at 'expanding the participation of Wc3Men and

minorities.

We are concerned that there is no funding for national

level development,ditaemination and evaluation of

materials and Mbd-61 programs. In fact, this kind Of

1 49
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centralized effort is sorely needed. Too often 'local

school districts operate in isolation and are unaware

of what resources are available. There are seorws

of programs already in existence with proven track

records but they are not widely know. It is dupli--

cative, costly and inefficient to have some 16,000

tOhOo1 diattieta all inventing some version of the
A4-edI.

There are many fine intervention programs already in

existence. But rapid technological and SOCietaI

change mandates a continued commitment to developing

new programs to help solve those problems that. are

just beginning to surface -- such as inequities in

microcomputer use in schools.

State Level. The states should be required to spend

10 percent of their share of federal funds for model,

exemplary, or, statewide programsto expand the

participation of women, minorities and underrepresented

.groups in mathematics, science and technical education

programs ani careers,and for competitive incentive

grants to local school districts that want to make

increased participation of underrepresented groups a

priority.

Involvement-of Groups Outside the Formal Education System.

Many successful intervention programs, such as EQUlLS, are

located outside the formal ,educational system. More emphasis

should be put on involving and supporting local programs that

have already developed some solutions to the problem, particu-

Iarl-,y in the area Of ihVOlVing girls and women in math and

science programs.

14j



Parental Involvement

Parents are a key Troup.; Because; parents, have such a great

influendejon their children's career choices, it is critical

that parents become aware of the problem and if possible

bectite involved in the solution., . One of the purposes of

leda1 funds should be developing parent-Sdhoel partnership

programs.

Research and Developmemt

The National Institute of Education has already done a fine

job of fundingresearch to identify the special. barriers

.-4..omen face in math and science education: More research needs

to'be done relating ta Mihor;ty involvement and on solutions.

Additional research Should explore the emerging issues intiblVed

with the growth Of computerized instruction. Very little

research ha& been done on equity in computer use, for example;

poorer school districts are less likely to have computers than

richer. Some anecdotal evidence suggestthat boys may-use ;

computers in schools more than girls. This could have serious

implications. We recommend that one of the priorities for

research and development be investigating and finding solutions

to those faCtors that might discourage women and minority

males from Pursuing math and science education.

Formtrl a

The formula for dividing federal funds among stated and local

school distkietS should be weighted so that poorer SChOOI

districts get a proportionately larger share Of fUnds, The

Senate should adopt the formula contained in H.R. 1310i the

"Erierqdhey Mathematics and Science EdUcation
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Conclusion.

The legislation is a good start:toward'improving the quality

of math and science education but much more needs to to

done. We expect,also,that the funding. level that is proposed

for this legislation Will, hot be Sufficient to accomplish

all that needs to be done;

Opening the dewbrs to math and science care.,rs to women and

minority males is not simply an issue of t_Lrness and equity.

Widen and minority males are. now the majority of our workforce.
.

Unless we tap this pool of wOrkersi shortages in skilled

workers will get more serious. Lesigiation aimed at

improving math and.science education must take into account

the lower participation rates of women and minority maled in

these programs and take steps to ensure thatour educational_

system better serves their needs. This is absolutely crucial_
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THE
NATIONAL-
10101NATPON
OP
BUSINESS AND PROFESSIONAL WOMEN'S CLUBS; INC;

of the United States of America

SenOrrin_Hatc_Chairman
Senate tabor and Human Resources

Committee
4230-Dirksen_Senate-Office Bldg.
Washington, D.C. 20510

Dear Senator Hatch:

2012 MASOACHU *OTTO ANNININI, N. W.
WASHINGTON. C. C..- 20030

293.1100

April 20, 1983

The Natitnal Federation-of Business and Professional
Women's Clubs. Inc. (BPW) wishes to commend the Senate
Labor_and Human Resources, Committee for addressing the
-important_issue_of math and science_education through S.
530; the- '-'Education for EConomic Security Act.'!_mpw_pro7
motes full participation, equity_and economic self- suffi-
ciency for-working women. Since 19194 BPW-has supported
opportunities. for women to work in the sciences afid
vocational fields.

As one of the largest working women's organizations
in the United States. BPW is deeply concerned with the
future of women in the workplace. Our concern over this
issue_prompted_BPW_to_take action through the development
of the BPW_WW..ional Council on the Future of Women in
the Workplace; This Council.,which is_chaired by Eleanor
Holmes Hinton; was formed this year to Monitor_activities
in the federal government and to initiate dialogue with_
representatives of the corporate world in order to alert
members to actions and policies which -may-have a _critical
impact on working women. The Council is also studying trends
in the workplace and in career counseling to prepare women
for the jobs of the future. _

BPW's 155,000 members work in their individual
communities,to_prilmote_opportunities for women in the
professions.Their_JobsAn_the_future will be greatly
influenced -by the success of bills such as S4 530. At
present, while women are entering the workforce_at_in-
tteatibg rates; -the jobs they -take are still_predominantly
in stereotypical "women's" occupations; InI98I._there
were 47 million women in- the workforce.; making up_43 _
percent of -all workers. Of -these women, 35 percent worked
in clerical occupations, 21 percent were service workers;
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IS percent bIue,collar workers, 7 percent sales workers, -

6 percent school teachers, 6 percent managers and administra-
tors, 10-percent in other professional fields, and 1 percent
farm workers. These statistics. clearly show that women are
in need of wider job opportunities.

The proportion of women studying in fields such as
science and engineering has increased, but their total
numbers are still_small. From_I970 tq_1480;_the pereentage
of bachelor's degrees in science and - .engineering fields
that went to women increased from 26 to 37 percent; -and the
total number of women earning doctorates -in these fields
more than doubled, with women taking 22.6 percent of these
degrees in 1980 as opposed to 9.2 percent in 1970. However,
percentages can be Aisleading; 7.2 percent of engineering
.degrees went to women in 1979, but this still means a total
of only 6,208 women receiving these degrees, compared to
74,000 men.

As computers become more_and-more important; we will
undoubtedly see many people; both men_and women; getting
training in mathematics and.science. This is an important
step_into the future; but we- are - concerned that -women are
still concentrated at lower levels_inithese fields. -Women
do -earn 40 percent of the-bachelor's degrees in mathematics
and statistics, but only 10 percent of the. doctorates.
Women also fall into the less "marketable" specialties
within these fields. For example, in 1979 women-earned
over'47 percent of associate degrees in data processing
technologieS. However_, they earned 93 percent of the degrees
specializing in keypunch operations 1506 of 543),but only
13 percent of the more lucrative specialty. in data-processing
maintenance (43 out of 328 degrees awarded to women);

As a national organization committed to- removing
inequality from our American society, BPW believes that
a serious move must be maue to improve the numbers and
occupationi of women in the math and science fields. S. 530
attempts to address the prqblems our society is now en-
countering with the lack of qualified professionals to
teach math and science. We wish to urge that S. 530 also
promote the increase in participation of traditionally
underrepresented groups, such'as women and minorities.
In order to be fully effective we recommend the following
provisions:

All state and_local programs receiving federal
funds aimed at improving mathematics, science, and
technIcal edvcation must build in efforts to increase

145
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the participatiOn of traditionally underrepresented
groups. For example:

1; All teacher.training must include instructional_
methods and materials aimed at removing barriers

to achievement and increasing -the participation
of_femalesitinorities and Other traditionally'
Underrepresented groups in mathematics, science

and technology-related educational program and.

careers.

.
2. CurricUla and instructional materials develope4,

under thiS Att must be designed:to_appeal to boys

and girls, minorities and non-minorities.

There should be establiShed at the federal_level a
$10 million program for developing; reviewing_and__
disseminating model programS and curricula aimed at_._
expanding the participatiOri rate of women and minorities.

4The_States should -be required-to spend 10 percent of
their -Share of federal funds for model, exemplary,
or statewide- programs to expand the participation of
women, minorities and underrepresented groupsA.n
mathematitS, science and technical education programs

and careers, and for:competitive incentive-;grants to

local school districts that_want to make increasing
the participation Of underrepresented groups a priority.

BPW_has historically worked toward the improvement
ef_Opportunities for women thrOUgh-education_ in industrial,

scientific; and vocational activities:- Our belief_that__

these-fieIds are important-to women and to equity_in the
workplace leads us to urge all Senators to support S. 550.

. Sincerely, '

.eri S. Libner
National President
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Kristine Iverson
Professional Staff Member
Comiettee on Labor and Human Resources
U.S. Senate
Dirksen Senate Office'Building 4230
Washington, D. C. 2D51D

Dear Kris:

___Enclosed_pleese_find a copy of- Higher Education's Agenda in Mathematics,
Science and_Technology Education._ This was the joint product of a broad
range of- associations interested in the current legislation. On behalf -of
these_groups,,A request -that this document be included in the hearing re-
cord on S. 1285, EdUcation for Economic Security. Act.

Sincerely yours,

vIrene_Spero_
Assistant-Director -for
Governmental Relations
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HIGHER EDUCATION'S AGENDA IN
MATHEMATICS; .SCIENCE AND TECHNOLOGY EDUCATION

Bank ground

AMet,ida'S productivity; economic_ welfare and_national_defense are

threatened by the growing crisis in_our_education system. Awareness of this

problem_ manifested itself during_the 97th_Congress in numerous legislative
proposalS;_reports_of_the National Science Board Commission-on Precollege .

EducationLin MatheMaticsi Science and Technology; the proliferation Of private

sector programs, and widespread media attention.

The dimensions of the Problem are_multifaceted_and_permeate_our
.educational system fret the precollege_levelto the_cgmmunity college, the
undergraduate classrooms_andthe_graduate universities. There is considerable

evidence of the decline of our scientific educational system:

documented declines in student achievement in MatheinatiCS and

sciences. Average science and mathematics scores on standardized college
entrance tests have been dropping steadily for420 years;

-a- serious shortage_of_Oalifted_matheMatics and science teachers.
During the 1970'_s the_number of- secondary_ school mathematics teachers being

teained_declined_77 percent; science teachers being trained-declined

65_percent. SOpercent of newly employed teachers nationwide ate ___

currently uncertified and unqualified to teach Mathematics and_science.__This

situation is exacerbated by the rapid departure-of trained classroom teachers

for better paying jobs in industry;

a at_least_2,000_vacant_faculty positions in university engineeri4

departments: _These_vacancies have resulted in enrollment limits which, in

turn; impede the training of adequate numbers of B.S. engineers;

s the obsolescence of much of the instrumentation and equipment used
in college and .university laboratories has been well documented; .

-tens Of_thoutands_of_technician_openIngs are going begging even as

the national rateinfAnemployment_aPproaches 11 percent. The Congressional
BUdget_Office_projects that new technologies will make 3 million more jobs

obsolete by the end of this century;

.s- econdary students are taking fewer courses in_math_and science
than in years past, and fewer courses are being_offered Half of all U.S. high

school studentt take no mathemitics_aftec_the_tenth grade while in other

indUttrialited nations; partic_darlY_Japan and Germany, increasing emphasis is

being PlaCed on science and mathematics-education;

s since1972 there hr.s been a 54 percent decline_in_the number_of__
ph.D.'s awarded in engineering yearly to U.S. nationals;_while_Ph.D...s in enli-

, neering'awarded to foreign students have more than doubled; and

I Japan, One of our_primary_competitors in the world marketplace,
OrndUCOSstwide as many_engineers as we do even though their_populatton base is
half ours...from_1970_to_1977Athe number of engineers per 1,000 workers

increased by 48 percent-in Japan and-derreaSed by 9 percent in the U.S:
0
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Thereis_biOartisan_reCOgnition-Of this growing crisis. President.Reagan, in a meSsage_toethe_082_National Adademy
of-Sciences Convocation on

Scienceand Mathematidi in the_Schools; deemetet The 'problem today in
elementary and secondary school science_and

matheMaties education are serious A-- serious enough to compromiseitmericaks_future_abi3ity to
develop-and advance

our_traditional-industrial base torcompete_in_international marketplaces," The-
Speciel_Tesk_Forqe on-Long Term Econbmic Policy_of the_House_DemoCtatiC Caucus
observed_in_its report Rebuilding the-Read-to-opportunity;

_!in_the_futute, a '2.%
well-educated; _well,trained_workforce-will be essential to sustained_econogic:growth . ..the future_will_be_won with btaihpower . . .The research we must
undertake to produce new technologies_reqUites'talent -- yet we are not
graduating sufficient. numbers of scientists; enginters.and technicians."

-

The Federal Role
.

Although there is now general agreement on the dimensions_of the
problem, there_is no_conse*t_on'the solution. The higher education_community
views the current_crisis with_alarm; COnSttuctive actions at the'lliStitu-
tional, local, state, and national levels

are necetsaryto forestall a further;
deterioration. :

__We shi federal government must play a_centralAle in
providing leadership. and support for a variety of initiatives_outlined in the
following_degeSSUstained_fedetal investment.jt required because the_problemS
are national in scope_and_because failUte to. resolve them would have grave
implications for our national, well -being and defense capability. These
investments willrmaxlmize the return on_scirCe federal resources, encourage
local and individual initiatives, minimize_federal

control of these efforts,
'and provide incentives for collaboration among all sectors;

_ _ AmetiCer.pOSiecondary institutions -- two-year_, foursyear; and
gradUate_4-_all_have a -AjOr role to play_in restoring our economic_health and
bolstering Wr_nationalidefente; Their resources should_be directed_to_thc
most critical problems_thet_beset the science education system so that adequate
numbers of quilified mathematics and.scienCe school teachers will be trained;
education for technologyand science-related_careett Will be provided; the
proper research environment, experience and tools_to_train thh next generation
of_cientiSts, engineers and researchers will be encouraged;._and research-to
Amprove_instructiO0 And the educational uses of information_technology_will_be.supported. With_such steps StUdents-will:be.sufficiently-science-literate_ta.
live in an_inCreasingly_technologidal world and have the opportunity to prepare
for careers in the sciences; and currently_emplOyed teachers, engineers,
scientists and researchers will have opportunitievte Upgtade their.skills.

Thus we urge the 98th Congress to enact major legislation_that Will
enable_ colleges_ universities to further fulfill their_mission as a_vital
force_in solving_the_ourrent_SCience, mathematics, and technology education___

. crisis. The higher:education_community tecognizes the interrelationship Among_
all levels of education -in resolving the crisis and supports the efforts of the

.precollege sector tosOlve their own unique_and COMpelling problems, However,
this paper attempts on* to address the crisis from the pettpectives of highereducation.

. t
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Proposed Federal Program

The higher education:.cOmmunity_.
collectively listed at the. end_of

this paper - -- supports -the. establishment
of five new programs to be_adminis-

tered by the DetiertMent_of_gduCation
and the National.Sciende Foundation._

These OrogreMS represent_ the_ top priorities of-the higher education_community

regarding science, mathematics and technology gaucation; Each is an essential

component of the,total effort needed in thIS area;

For'the Department of Education, we- propose two programs: a

S200 million prograt far*teecher_training
initiatives to 'improve science._ __

mathematics and technology_education. and a 525 milliOn program to strengthen

Aucationil research in these areas.
.

Far the_National Science
Foundation, we propose_ three_programs:- a

5100 million program provid,ing
opportunities_ for_ teachers. young scholars and

researchers through expanded
gradUate_fellowships, new traineeships and facUlty

research awards;-a 550 million- program
to_uograde and improve instructional

programs on all leVelS:_and_a $200
million program to upgrade instructional

equipment and its utilization. \

., -,"
; ,

_ _, .__ _

The total 557: million dollar investment propOsed provides a

significant number and variety of new aWaks_te_individUals, schools, and

colleges. Coupled with local. Stetetand_private sector
initiatives,-these _

Pt-Ogre:as will make a.substantial contribution toward the revitalization-of the

science education in the nation.-
,

. ,

In embarking_on this new federal effort in Sciencris._math and tech-

'hOltigY dCUCation_We must_ acknowledge the iMpartatice_of_e_susta±nec national

commitment to basic research.
Without_qUality_tesearch programs, the education

enterprise will wither. Our propotal far new federal,support of science

education should be viewed as an integral_part_of this commitment. Ilan

research and- educatiOn_are necessary for the economic vitality and defense

strength F-the U.S. Neither should be funded at the expense Of the other.
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1
Title: A Program_for Teacher Training Initiatives to Improve Science;
mathematics and Technology Education

Agency: DepartMent of Education

Authorization 5200 million

Tar et:
3,000 grants at up to $200;000 each to
schools and colleges

We propose the establishment of a grant pronram fOr schools, colleges
and universities to be administered

by_the_DepartMent Of Education withproposals to e evaluated through _a peer review process involving consultationwith NSF to identify field reauers.
The_purpose_of_these grants-is to

encourage--the-linkage between colleges and universities_and_publid and private
elementary and secondary tehools in the improvement of science education;
Grants would allow_maximum_institUtiOnal

flexibility to be responsive_to_local
needs, and would be awarded according to Plans developed by the recipient_
institution, in collaboration with_one_or more pUblic or private schools or
school districts and other appropriate agencies Or Councils. Priority
activities might include, for example:

(1) summer_institutet and workshops and a perallel_program_of
inservice eduCatiOn,_conducted by higher education institutiOnt
across_all_states and regions to provide practicing teachers -and
supervisors with up-to-date Science and mathematics information
and pedagogicalconcepts;

(2) projects to-enhance the capacity_of_schools_and colleges to meet
the_professional needs of both new and__practicing teaChOi.s,
including fatuity development activities; and

.

(3) support fer_eiemplary_state, local and institutional efforts to
attract retain_and_motivett teachers to pursue careers in
precollege mathematics and_sclenet 0U-dation, as well as identi-
fication of tepcher training_projects:providing nationally
Significant el,,aples of campuSoasen_inservict, schbol-titestaff
develOpment, and the integration of substantive_knowledge_in-
'mathematics and the sciences with effective

teaching_strategiOS;
and the disseminatiOn of information about these programs.



148

T4tle: A PrograM to Strengthen Educational Research in Mathematics/Science and

TechnoIogY Education

Agency: National Institute -of Education, in
consultation with the National-Science
Foundnien

Authori2atien: $25 million

Targpt: New grant competitions for
research /ielding 10- major _programmatic
awards, and up to 200 individual
research grants.

ResearCh on student learning_and_school and_college-instruction
in

math,-sciente, and tecahology_education_iparticularly focused on secondary

schtelt) is an_eSsential_resource for other federal,state and local progret

for improving math-and science education.

We propose a new program to-strengthen teadhing_and_learning_research

through grants focused on the identification_of_successful
instruction and the

application-of CognitiVe research_to_improved_instructional programs., The

program Will support large scale research competitions dealing with:

(1) research on thinking, teaching and learning related to
instruction in:math, science and teChnolOgy;

(2) research on the_uses of Modern instructional technologies; the
status, means of assessment._and selection of instructional

sciftWare and other mathematics; science and technology education

Materials;

(3) research -on local, state and institutional policies_enhancing or

inhibiting the recruitment, retention and professional develop -

e of school and college math/and science faculties; and

(4) research on school; - institution- and -state needs and operations as

they relate to_the_development and support of remedial programs

at all levels of education.
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Title: A Program_of_Ooportunities_for Teachers; Young Scholars_and_Researchers
through Expanoed_Fellowships_;_New Traineeships, Researcn incentive Awards, and
Faculty Awards for Summer Study

2t2IX: National Science Foundation

Authorization: 5100 Milli-Oh

$15 million to_expand_existing_graduate
fellowships and to create 600 new
graduate fellowships; $15 million for
new institutional traineeship programs;
$50 million for 1,000 new faculty
research-incentive awards; S20 million
for faculty awards for -summer study
sabbaticals and special research
opportunities.

We propose the establishment of a series of new and expanded programs
to provide fellowships, traineeships, summer study support, research incentive
awards, and faculty renewal awards to increase the production of scientists,
engineering faculty, researchers and science educators, and to upgrade teaching
faculty. _-

Four programs should be supported in this area:

(1) An expanded Graduate Fellowship Program. The structure and
. effectiveness of the NSF Graduate Fellowship Program, once a

premier symbol of,the nation's commitment to excellence, has
diminished steadily over the years, The NSF fellowship program
should be expanded by increasing the nuMber of awards_atd the
mount_of_the stipend, _To_achieve_this_;_we_propose at least
doubling_the amount_of_money available for these fellowships
ffrom S15 million to S30 million) and increasing by approximately
one-third both tne number and size of the current awards Ifrom
1,400 to 2,000 and at least $15,000 rather than S10,900 per
award).

(2) A new S15 Million Traineeship-Program for science, technology_and
mathematiqs_educatorsAwar'ds_of_up to SI50,;040 would be made to
colleges and universities. Trainees would be selected bY
participating departments, schools and institutions from among
individuals with demonstrated potential to excel as science,
technology and-mathematics educators at elementary/setondary and
undergraduate levels. Inititutions receiving traineeships would
gather education_specialistS and faculty_from departments:of_
science;_mathematics_and_technology to_create for the trainee a
Uew or improVed_ouality program for preparing the next generation
of science educators.

(3) A new S50 million Young Faculty Research Incentive Awards
Program. The challenges facing young faculty-who seek to
establish their first research programs are almost overwhelming.
A program offering. stable support (averaging $50,000 per year per
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award) to assist them in starting academic research careers would
help to sustain the quality and flow of individuals into key -

fields of science, mathematics, engineering and_ technology.
1,000 awards would be authorized to average $50,000 per year.

(4) A -new $20 million_program of Eaculty_Awards_for summer_study;
sabbaticals and special research opportunities. This program
would_pcovide-3,000 awards at $5i000 each for summer support to
permit currently employed faculty to take advantage of upgrading
opportunities; and a $5 million program for experienced faculty
for six- to twelve-month periods at salary equivalent to current
levels to: fa) permit revitalization, and experience -with-'new
research techniques - and advanced research discoveries for_those__
who have_been_isolated from_research_institutions_and centers_for
six_or_more_yearsi and (4) provlde for intensive development of
teaching techniques and materials in prob'em areas. A total of
S20 million authorized in this area will provide awards on a
competitive basis to individuals" whose institutions certify that
the applicant's principal function is undergradUate teaching in a
science-related discipline.
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7311e1-- AnAMathematics,
rElInce and Technology at All Leve s

Agency:

Authorization:

Target: 1.000 instructional improvement projects
at up to $200,000 each.

Continuing demands are placed on science educators to keep,pace with
evOlving teChnologicJ innovations. Updated instructional_ materials are needed
to- enhance student - motivation- and to_advance_the_lagging_state of science _

learning,__The_need_for new instructional_materials_is_particularly_acute_zt_
the undergraluate level for both general students and science 'and engineering
majors.

We propose a new program to improve undergraduate instructional
programs and develop school.and college materials for mathematics, science and
technology education.

National Science Foundation

$50 million

Priority areas include:

(1) restructuring subject matter science courses to reflect
state-of-the-art technology and the changing needs of
iidergraduates;

(2) applying_teaching_and_learning_research concepts to the
development_of_mathematics_science and technology instructional
materials for schools and colleges; and

.(3) stimulating collaborative educational institution/industry
efforts in the development of improved programs for schools and
colleges.
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Title: A Program to Upgrade Undergraduate Instructional Equipment and Its

1222EZ: National Science Foundation

Abthori-zatfoft. $200 million

Taraet: Grants to colleges and universities

The outmode_condition of the instructione equipment_io_the_natioWs
colleges_and_universities_is well - documented. _The_absence of_state=of-the-art
equipment_and_facilities_has_immedi_ate_consequences_in the_preParation.pf_
today's studentsi and farreaching implications for the.nation's ability to
remain scientifically and technologically competitive.

We propose a two-part program for:

(/) acquisition_and_installation_of_modern_instructional equipm ent
for use in teaching and training for teaching; and

(2) sharing science equipment among institutions regionally and
between the academic and business sectors. -

We further suggest that a balanced program is fleeced involving all
federal agencies that support research and related education programs to make
the acquisition of equipment and renovation of laboratories an allowable
component of research proposals.

156
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it 3 Existing_laws add recent legislative proposals have attempted_to_
allize the mechanism of tax incentives to encourage a corporate responseto_
the science education_crisis We regard these_proposals as one aspect of the_total effort needed to_reSPlve the urgent problemt faced by higher education

'institutions. These proposals are uniquely well- suited td bringing private
sector resources into play. Since this paper_addresses_only the necessary role
of_the_federal government in the direct provision of support; we have Otitted
references to these tax incentive proposals.

. This proposal is submitted on behalf of the following organizations:

American Association of Colleges for Teacher Education
Ameritan Association of Community and Junior Colleges__
American Association-of State Colleges and'Universities
American Council_on_Education
American Educational Researth_Association
qsociation of Affiliated_College and University Offices
Association of American Colleges
Agsociation of American Universities
A$SaCiatibo Of Catholic Colleges and Universities
ASsociatitki of Jesuit Colleges and Universities
AssociatiOn_of_Urban Universities
California State_UniVertity
Council of Graduate Schools_in the United States
Council of independent Colleges.
National Association for Equal Opportunity_in 4igher Education
National Association of College and University Business Officers
matiohil Association of Independent Colleges and Universities
National_ASSOCiation of-Schools and Colleges of the Jnited Methoditt

Church __ _

National A5sobiatioh_of State'Universities and Land-Grant Colleges
State University of New York
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APPEND/Y-1,
ADMINISTRATION PROPOSAL

FOR-1SEkIENCE AND MATH EDUCATION PROGRAMS

A PLAN FOR NATIONAL
SCIENCE-.FOUNDATION SUPPORT

OF PRECOLLEGE SCIENCE AND MATHEMATICS EDUCATION

SUMMARY

The Oministratign proposes
activities, to be .implemented by the National Science

Foundation (NSF), that-addressJthe_declining.galiti
of'U.S. precollege science

. .

and mathematics eduCAtion. This decline, which
began a decade ago, muSt_be 5400

and reversed.hicause_the
U.S, economic and defense competitiVenesss, depends heavily

on ,an adequate.supplyof scientists,
engineers-.and a. technically skilled workforce.

A StrOng_precollege
education in science and mathematics is

required to provide the

necessary skills.

. .

The plan of
activities is designed to meet several conditions. It recognizes that:

1; There -are distinct
roles for the Federal, state and_local

lovernmeno, and the

private sector. tle Federal government.must_assuWa leadership
and catalytic role,

rather than dictate
national soIutiOnS to local needs.

1. The two OfihUpfil_Federal agencies
responsible ,for science7atid_mathemg1c4__

education, the National Science Foundation
and.the.DepartMent of Education, have

very- different statutory
authorities and capabilities. The NSF plan described here

reflects this difference.

The teacher, teachibg_materials-, and
techniques are central to the motivation

and learning Of.the students, The planned
activities .seek to enhance the motivation

and competence of the teachers and to facilitate thelelivery
of knowledge to students.

The proposed, plan has-two major components: the development
of-materials and. the

provision of teacher incentives,
These components are

discussed -in -tetras of the

FY 1983 budget. These activities are
planneT,Wrinde in FY 1984;

LW,



a, Materials Development

The National Science Foundation will support the development of exemplarrmaterials

and models for the-continuing improvement of teachers, Research and analyses will,.

be conducted and- the resKts continuously fed, into the materials development effort

so that these materials_refiect_the_hest practical experience and ideas, as well as

Scientific knowledge that can be brought to bear on the processes and.content of

precollege science and mathematics teaching., The.potential

computers, television programs) to improve the delivery of materials and the learning
processes wilI.be explored, Model programs will by conducted to evaluate and improve

the materials developed;

J

No less than $12 million of the NSF 1983 budget will be devoted_to_materials .

development., These materials will be made widely known and available to local

eficational autherities.

b. Teacher Incentives

Presidential Awards for Teaching_ Excellence will be given to outstanding_sCienCe_ind;

mathematies teachers. This national recognition of science and matheptics teachers

tb. improve the_image_and-status of mathematics and, science teachers.

The_awards will be administered by NSF in cooperation and with the participation of
DOD,

Teacher Honors. Workshops will recognize and honor the to guility.science and mathematics

teachers- provide them with-updated knowledge, practical )xperience or skills, and

require_that they spread this
- knowledge to their fellow teachers, These workshops

will also he used to vprovide feedback_oand_evalimtion nf, new teaching-materiala.

Ftedback from the workshop participants will be used to analyto science iduitiOn;

Nelore than-$3million of the,NSF 1993 budget will be used for teacher incentive

and-recognition,

a
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BACKGROUND

This.paperptesents the Administration's
proposed activities to be implemented by

NSF.in science and mathematics education. These activities aim.to increase the

quality of precollege student knowledge in science and mathematics;

School systems
thtougheut.the_DA,_with strong, and dYpamic,inctruction in mathematics

and science are.vital to the U.S, economy and our Nation's long-term technological.

-10idetShip1_ Well educated
studerits are essential to-provide a contineing.supply of_

technical personnel needed by a U.S. economy increasingly dependent upon high technology,

The 1970' saw-a serious
erosion_in_the_quallty of U.S. scientific and technological

idecatiiiii if iII liVOISchools and
colleges relaxed requirements for courses in

thiAtiences and mathematics. Academic standards generally deteriorated with

emphasis,frecuently shifted-to courses of stUdrlacking a sound dittiplinary base.

This trend was reflected.in:the NSF's science education program.

NSF,-by its enabling legiSlation.of 1950 and subsequent amendments in'1959, 1965,

and 1972; was_given_major Federal responsibility for scientific reseach.and.

education 'In the sciences. The NSF's.science,education program was_abstahtially_

strengthened under President Eisenhower In-the 19508,.but_subsequentlY underwent a

deterioration in the 1910's that paralleled.. that of. the education system in general.

The-consensus on the importance_of.NSF's science education_prOgram dissipated, leading

to
disagreemeni_among_Congressional committees and within Administrations regarding

the role and purpose of the program. This resulted-in-decreased budgets, loss of

program focus, and a proliferation-Of small, socially direhed activities.

The U.S. Office of_gducationi_and_later the Department of Aucation, during this

time, was concerned mostly' with issues of equity, such as programs for the handicapped,

Underprivileged i ntudent aid, etc., and capacity building such-as,construotion_support.

The Department of Education did support eduCational-RD. but this_support_was_also

relatbd_to evity questions, or was in the.niture.of_national data collection and

analysis. Very little efforf.it the Department of Education was historically

directed at the content of science and
technology at any level of education,
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FEDERAL ROLE

'The activities proposed for NSF are consistent with the Administration's view of. the

proper Federal role in education.

The Administration assumes that:

. . . . . _

° An adequate educated population requires strong precollege science

and methematics instruction.

° . This requires attention and action by all sectors including state and local

governments and induStry.

0
Local autonomy is a fundamental characteristic of the u.s, educational system._

The Federal Government should nor interfere with, or dictate to local authorities

the design, planning, or operation of education programs. It should act only

when a clear responsibility exists.

.3

° In thus' specific areas where a clear resposibility etistsi_thoJecleral__
.

Government's role should be to. provide the necessary leadership to address a

national problem, and also stimulate and catalyze erforts in other sectors.

° Actions by the Federal Government are indicated when:

- the problem is of a national mature;

. ins would provide large public aenefits, but by their nature

It 4portunity-for-economic-return to private interests,i41

;(c, and on4lysis of notional data, research and development

;t01 but cannot be replicated throughout the states otherwise.

A.AnovId te targeted (1,AktiEffialources-of

_AtleActIons_shull_be_aimerte.thoeo areas_Where the benefits

of eNrts acle 4) 016 i;c1;maits 0 he population.



AGENCY ROLES

Assignment of responsibility fat Fedetal action in the area of science education

ahaUld be based on:

° statutory authority:

° capability and capacity of the agency.based.on_authority, experience, public

support, 'and support of the involved communities,

NSF an(the Department of Education have,distinctly different character when examined

in ligh. of these two criteria,

National Science Foundation

2:51111EYISttilt

Section of the.National Science_Foundation At of 1950 States that "the

Eoundatior is authorized and ditedted:"

° !to_initiate and support task scientific research and programs to strengthen

scientific, research potential and science-education r rams at all-levels in

the mathemticall-physicall medical, b °logical, engineerihgoodaIt and_other

sdiences,' by making contracts or other arraiemente_iihcitiding grantsi loans,

and-Other forms_of assistance) to_oupport such scientific and educational

iMtiOitieliand_to_appraiss_the impact'of research upon industrial development

01 upon the general.welfare;")

° to aWard, 'as'provided-in-Seo ion lOrschaarships.and graduate_fellowships in_

the mathematical, physRaltilnedicall
biological; engineering-1 social, and other,

sdlences;"

"to foster and support the develOpment and use of computer-and other sCientific_

methods and techno;,-.1!es/ primarily for research and education in the sciences,"

. /

Section 3(d)
elso4tatei_thoil"The_Board and Oirectot shall recommend and encourage

the pursuit_of national poliCies for the promotion of :Asic research and education in

the sciences," (underlines added)
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Capability and Calacity,

7 NSF:hat some basic characteristics which define the capability and apacity of the

agency:,

° a_telatively_small_sciente_granting_agency_staffedly porsone_with_acalemic/

scientifii backgrounds; SF does- not conduct in-7house research ocood.ucation

programs;

° awards-based on competitiie peer review, whose.priMary.criteriOn is the.

iddditiOnil Meta df the proposid,ideai and activities;

strong ties with the academic scientific and engineering community and science

teaching profession;

' identification and- support- of innovative projects which typically are generated

thrOugh proposals by scientific And technical experts/ (ratherthen, by NSF).;

A, clear relationship and Compatibility with these charactiristicf should be a primary

consideration in the assignment of Federal responsibility in science and mathematics

educatiOn to NSF. These strengths should be utilized to greatest advantage.- In

turn, programs which do not correspond to theseoWaracteristics would not only have

lesser potential for, success;- but also weaken the agency1.smajor strength

DepartmemFotEduation

Statutory authority

The enablinc legislation of the Department of Education defines a very- broad mission;

covering responsibilities for all levels of educations! However,. the legislation ',

prescribes precisely the intended beneficiaries, recipients,; mechanisms ands

eligible activities,
.

/

)
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Characteas-Itics of the Department of Education which a,a significant in connection

with Federal responsibility tor science and matheeatics education include: ,

'' a large agency, staffed extensively by persons trained-in the fieldS-of, -

educationoith history.of.both funda allocation.on uniform; national kale,

4 and educational research at l0wer education levels;

concern for equal educational opportuniLy, with special targeting of issues

and groups (e.g,, vocational education, bilingual education, disadvantaged

groups);

8.VarMy_of_fonctionLranOlg_from_grants-in-aid:, to data gathering,and

disseminationAto national Institutional capacity building such as construction

of facilities;

° predominant use of formula grants to states and local a-gencies rather than

cOpifiCiv6 Off;

° wide contact with state and local educational agencies and colleges of education,

16
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ADMINISTRATION'S EARLY INITIATIVES

Consistent with' the definitions
of appropriate Federal

and agency_roles in science
and mathematics_education, the Administration reviewed the state 3f the Nation's
science and mathematics

education and the Federal effort, and:
.

° Determined os,need for Federal 'leadership in improving the quality of science
and mathematics education,

' Recognized the fragmentation of. NSF science education programs which prevented
achievement of a significant national impact.

° Appointed the Department of Education's
National.ComiHioh on Eicellce in \

Education (a component of which is
directedat_!cience_educati(h).ti5 Mike ;\

recommendationa.";;;;tolhe.Nition and to the Swletary of
Education to 'prOmote...,

excellence in public and otivite schoolS, colleps, and-universi','es,"

° Appointed- the National Science Board Commission_t0 study the problems at the
precolIe0 .,)vel and ",,,,define a national agenda for improving mathematics
and science educition in this country."

The Administration also has proposed
several_initlitives_as;part of a measured plan

to- reverse the decline in the quality of science
and mathematics instruction in the

Nati:WT*5ES,
. I

. .

° At the university levela
new.program-of support for

youngscience.and.engineering
faculty has been included in the N9F budget; ThiS is aimed at attracting
highly-qualified, young scientists and

engitears_to.univeraiq.positions,
reileving.faculty shortages and assuring high quality

university Oficat'..on for
future scientists and engineers.



c.

At the prealliji.10/01-4 Presidentially:directed
activities-are_piannedit_bOth .

the. NSF. the_Department cf.Education
focused on- the supply of science and

Mathematics teachers and the quality of theft teaching;

- In 1983, NSF is budgeted
it_S15_million.tp.conductitwo,programs Mr:U

of

teacher-
iprovement;_dne_updating the materials,

skills, and knoiAi

niedid_by_existing teacher!,
the other, a programito recognite_andjewad

teachers,who_have_done outstanding work. The bud et request for Theo'

efforts is increased for 1984,

-- In 1984,-the Department
of,Edcation has proposed funding in the amount

of $50 milliOn for block grants to the states to increase the numbec.df

guilified_sclence and mathematics teachers,--T e. ROVE will-Provide-.

one_year
scholarsliips to persons holding coil e degrees to enable them

to return t ' school to become
#ilIfied,to'teich science and mathematics,

Indspendent actions have been ..state
and.lO41 governments, suchis pay

suppiemeks for scienc(and mathematics teachers,
Privaie industry;; dientific and

science
groups have made'strong public statements of concernin0..o?..dre_

0:reasir:, tair efforts to address those aspects of the problem mostclosely related

to f,fir needs.

1



PROPOSED PLAN FOR NSF

Thi kministration's
plin_for.the_NSF precollege science and mathematics role In . .assuring an adequate
technically trained_workforce,

scientific community, and technicallyfunctional society is based on theSe
considerations;

". immediate problem, and long-term needs for science and mathematics
education;

° appropriate Federal and Agency rolet;

° primary responsibility at state and local levelei

..
° need for active

and sustained involvement of private sector;
.... . . . . .

° central colt! of teachers and teaching
materials and-techniqa!

.11 ,, int
motIvatioD learning, '

The Administvcion'' for NSF:

is a met
)roPh.to_the_clearent and most immediate aspect of '4he probliM

--the qua,
precollege teaching)

° recognizes the need to undergird scientific
and technologital training with

materials development Support;

° includes mechanisms for identificatiOn
and understanding of problems in

precollege science and
mathematics teaching;

The plan also
cocrdinates.the_efforts and utilizes the st. qths of the fatiMatily

responsible Federal agenCies by
proper assignment of role,



National gience Foundation 1983.PresllegLIciente-and Mathematics,Activities

1963 Budget

($ in millions)

Materials Devellipment 12

Teacher Incentive's k 3

Considerable evidence exists that precollege science and mathematics_education _

inadequateto meet the growing national needi fdt Wentific avd technical skills in

the workforce,

Numerous studles_have pointed to the decline in the quality of science and mathematics

education in. recent years. These studies1 have-indicated that the prec011gge_level___

in general, and the quality of precollege teachers
and teaching in particular, is the

most obvious and immediate source of the problem,

lii_addition;_there is some indication ofia decline in performance iniscience_and

mathematics of the top quartile of students. This raises questions for AMarica's

future health and long-term leadership in technology.

The ational Science Board.CommisSion on
Precollege Education in Mathematical Science

andIechnOlOgyoas established to analyze and assess' this and_to makii recbm-

Mendations for its resolution. The NSF science and mathematics education plan_for__

19831s based on preliminary
Commission- reports and findings of national_studies and

evaluations. It is also consistent with the'proper rc!dorol role, and NSF responsi-

biliOos and-strengths, epah focuses on the precollege and is organized

arouro diltinct Components;

,30



Development of Materials and Models

The.detitiotiEin§ quality Of precollege science and Mathematics teachers and

theitinstruction is clear. There is a need for exemplary materials and models

forthe continuing professional development of teachers and the improvement of

their instruction. These materials and models lhouldreflect the-best practical

knowledge, experience and ideas as well as scientific khowledge_that.can be_

brought totear_on the processes and_content_of_science and mathematics teaching.

,They Shald_be_based on a thorough understanding of conditions and needs in

precollege science education.

Teacher Incentives

Teaching characterize_by low.status and salary. There isa pressing need to

recognize -and nurture the skills of good mathematics and science teachers and

to emphasize the significance of their' contributions to education and the-

Nation, as.cne'mechanism of ebtracting and retaining teachers in these, critical

skill areas,

R,eileee of the importA'nce and complex nature of precollege science education, care,

;t be taken that NSF activities be of high quality are continuing relevance to

Ational needs. Therefore, continO4 input from a-broad ccuss,section o f t :7e

scientific/science and mathematics education community is essential to;

a

a

a

a

a

advise_ the Director of NSF and the National Science Board on policies and

directions the NSF program should follow;

identify changing national ,needs in science and matheMatics education;

review the progress of the program in reaching its long-term goals;

provide oVersigr. rY,:,ram procedures;

provide guidance on revisions to program guidelines,

For these purposes a Precollege Science and Mathematics-Edu, ltion Advisory Committee

will be appointed. The Committee would consist of outstandir individuals recognized

as knowledgeable about and experienced in U,S. precollege acs nce_and mathematics

education,including-repiesentatives of_Ioral_school diitrittc__Pilor_to_theA9tab7 .

lishment of.this.groupi the NSF will consL:.t broadly with similar types-of individuals

to review initial program guidelines.
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Materials Developent ($12 million in FY 1983)

The development of useful mate,Aals for teachers and st4N!'ts must be based_on:a

thorough understanding of the clnd'tinns and needs of science and mathematics

education. For this reason, timed and analyse will be inititted to better under-

stand the-science and-mathematics educational-system, and how people teach and learn

these subjedts most.effectively. The research activities by_nature are applied

and_will makeige_of_infOrmation_on_cognitive_proCesSeS_reaultingitom_basic__.

research on this subject (e.g., research sponsored by the Behavioral and Neural

Sciences Division of NSF).

A focus-here will'heron_monitoring and_evaluating-this-information, the changes in

vientific, and.technical-knoWledgevand_the relationship.of.this_knoWledge to.what

is taught in the schools, An effort will be made to evaluate_and use data_collected_

by oroanizations with primary data collection responsibilities (e.g. ', Nationakenter

for Educational Statistics and NSF's Science Resources Studies). Evaluation of '.

thP !mpact of NSF science and mathematics education programs will also, be included,

. . . . . . . . . . . . . .

New_mechanisms_and_materialt_willIe_prodUted.fOr

.of _precollege science teaching. Projects will be supported on a nationally compstitive

basis to:

° create.models_and demonstrations of innovative training programs focused on

kientific_and.technical_contentl_or_new technologies for_use.in teaching, ti.)

provide continuing education for science and mathematics teachers)

° develop materials, audio and visual aids, computer programs, software, and

systems for science tsachers to,use in improving their instruction. :

Projects will include designi_development_and:testing.of_Msterialsras_necessary,_

operation of prototype programs for teachers, nd eValuation.of utility and impact

of approach. An area of emphasis will be to develop and test applications of the

new technologies to precollege science and Mithematics education.



The_principai_products of materials development activities will be better, more

effective approaches ta teacher training and bettor tools for teachers and students

to'use in their classrooms and laboratories, Materials with multiple benefits;

e,g., video materials suitable for both public broadcasting as well as classroom use

Will be included, Although the:1,1SP does not attempt to be strongly prescriptive

regarding the nature of projects; anticipated approaches include:

-
416

Materials

° better presentations of basic single concepts; e.g., molecular structure,

wave moion;

new techniques to improve student and teacher understanding and productivity,

computer simulations of laboratory experiments, modeling;' graphing;

° new topics; technology diVilkMenti; science applications;

° approaches intended not only to provide science instruction, but' also to make

it more interesting and attractive to younger students.'

Demonstrations

° projects_structurally designed for individual schools single school distrOts,'

states, regions, or nation-wide;

° national projects based on telecommunications techniques;

single discipline ,and multidisciPline projects;

° refresher courses .and new topics;

use of computers and telecommunicationa in science and Nthematics teaching.

17i
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The Poendation_wi.11_require_specific_produCte_from_each_develepmeet_projeCtt______

materlalsooftware,idescriptiveprogram guides, etc and where apprppriate

plans for commercial publication and distribution. Procedures will be developed to

assure NSFsupported4roducts-are available-for utilization nationally in-local

teacher training ddivery_projects. NSF will consider future mechanisms for making

such materials available to local users.

Support criteria will emphasize the participation of a combination of top ,scientific

and teaching talent,-and will encourage-the appropriate participation Of industry.

CLilful attention will_be_paid_to_procedures for assuring.the effectiveness_of training,

tuth_as_examinations_at_the_end of_programs and_theAmatding_ofIregular college

credit or suitable alternatives recognition of concrete achievement.

It is expected that most proposals will be submitt-ed by colleges and universities,

but . )thè. iituio_th education missions will be equally ,considered,

Appropriate_participation_and_collaboration_among_practiting teachers, scientists,

science educators and officials af state and local edecation agencies will_be_a_

principal consideration for award. In addition, participation and contributions

from the private sector, such as the involvement of industrial scientists, will be

highly favored in agency evaluation of proposals..

Teacher Incentives ($3'million in FY 1983)

The teacher incentives activities focus on the unique problem of motivating, recognizing

and-brinling up to date science and-mathematics teachers who are among the best the

rofesslon cls_to offer. This complements the materials and teacher training model

develort aCtivity w1lOse ultimate target population_is_the_precollege sciencg_and

mathemali% teacher profession in general. Teacher incentives include Presidential

.Awards for Science ,and Mathematics Teaching Excellence and Teacher Honors Workshops.

_

The Presidential Awards for Science and Mathematics teaching Excellence will provide

highly_visiOle recognition to approximately 100_outstanding teachers_annually_fabout

half in mathematics an half in science). The teachers will be selected nationally

with at least one teaelir from each state and e:her judsdictions sulk as vuerte

Rico and the District of Columbia. They will be presented with a certificati of

4xcellence at.an approlviate ceremony. An award of rd,C00 will be made to 0,1

teacher!s school to_suplement,_and not_replace-t_othrmsourees for_use_inievroving

its science or mathemat;cs program, under the directioc ofthe awardee teacher.

iO

, 4



11

4

The importance of this program was emphasized is a' recent radio message-by the
President when he said, And we're also beginning

a new program, -one L intend to

partitipate_in myself,. to honor some of America's best' science and mathematics
teachers, They are a true national resource."

The program will be, administered by the NSF in coordination
with-the-Department of

'Education, and-with the. assistance of _a national professionalicientific
organization,

The lattert under contract feom NSF, will carry out the identificationl_nomination,

NSF

oc) selection procedUres for the awardees, and related necessm attivities. net_
will'make the final selections and together with DoED-confer theawards. Efforts

will be made to obtain
the.participation_and_COntributiene of the private sector

such as industrial companies, civic clubs, and local chapters of scientific societies.

The_Teacher. lionors Workshops activity accomplishes throe purposes within the area of
recollege.science and mathematics teaching development:

-- recognizes and honors top quality teachers;

=-'provides these top quality teachers with updating_in current_scienC6

a0d_mathemat'xli.tedent rapid advances in-the
sciences and technology__ make

it necessary' to update the teChhitaI
}Mileage of even the best teachers;

obtains.fr futute planning purposes analyses of science education from the
unique perspective of the best classroom teachers.

Grants will go to colleges and _universities
and -other institutions with precollege

science and mathematics teaching
capability to,develop,.then_operate programs of

professional improvement for selected
precollege_teachers,__Participation_and contributions

by_indu§try will be strongly encourapi. Practical experjencelnd demonstrated'_
excellence in the design and delivery of precollege science and mathematics teaching
will be emphasized and is strongly encouraged.

4
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Activitie: consist

° identification and siledtiOn af_science,and
mathematics teachers of demonstrated

high'quality.and performanceLqerti0c808 of
honor, appropriate publicity,'

etC will assure recognition and prestige for the Selected;

° development of conference materials;

° workshops that provide. special
training and practical experiences in

important areas of science and technology for the participants;

° efforts of participants to collaborate in identification_and_documentation

of current trtldsvproblemsvetc, in science education.from their,perspectiVe

to be used by NSF for evaluation and program planning,

° extension of lorkshop benefits by a requirement that participants -carry bidk

.to their collo; Jes
materials'and information to achieve a wider impact,

(
oo

'Workshops are expeCted
tc_varvin_Iengtb.depending on the proposed nature of activity

and participants,_ -Careful
attention will be paid to_procedures for assuring the

Offettiveness of training/ lich'as
evaluations at the end of programs. and the award-

ing of regular college credit or suitable alternatives recognition.of_concrete

achievement. The amount requested for 1903 would allow the participation of approx-

imately 100 science and mathethatics teachers.
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Senator HATCH. With that comment. we will recm, until further
notice.

[Wherenpon; at 12:10 p.m: the heaping was adj arned.]
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